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Attachment - 118

UNITED STATESPATENT AND TRADEMARK OFFICE (USPTO)
OFFICE ACTION (OFFICIAL LETTER) ABOUT APPLICANT'STRADEMARK APPLICATION

U.S. APPLICATION SERIAL NO. 79108849

MARK: ICT *79108849*
CORRESPONDENT ADDRESS:

RAYMOND RUNDELLI CLICK HERE TO RESPOND TO THIS

CALFEE, HALTER & GRISWOLD LLP LETTER:

1405 EAST SIXTH STREETTHE CALFEE http://www.uspto.gov/tr ademar ks/teas/r esponse forms.jsp
BUILDIN

G VIEW YOUR APPLICATION FILE

CLEVELAND, OH 44114-1607
APPLICANT: Koninklijke Philips N.V.

CORRESPONDENT’'S REFERENCE/DOCKET NO :
30961/04099

CORRESPONDENT E-MAIL ADDRESS:
ipdocket@calfee.com

OFFICE ACTION

STRICT DEADLINE TO RESPOND TO THISLETTER
TO AVOID ABANDONMENT OF APPLICANT'STRADEMARK APPLICATION, THE USPTO
MUST RECEIVE APPLICANT’S COMPLETE RESPONSE TO THISLETTER WITHIN 6 MONTHS
OF THE ISSUE/MAILING DATE BELOW.
ISSUE/MAILING DATE: 2/27/2015
THISISA FINAL ACTION.
INTERNATIONAL REGISTRATION NO. 1105916

This Office action isin response to applicant’s communication filed on January 15, 2015, which
responded to the Office action of August 10, 2014.

Applicant’s arguments against the descriptiveness and misdescriptiveness refusals were considered, but
were found unpersuasive. Thus, for the reasons set forth below, the refusal under Trademark Act Section
2(e)(1) ismade FINAL. Trademark Act Section 2(e)(1), 15 U.S.C. §1052(e)(1); see TMEP 881209.01(b),
1209.03 et seq.

Trademark Act Section 2(e)(1) Refusal — Mere Descriptiveness— FINAL Refusal:

Registration is refused because the applied-for mark merely describes a feature, ingredient, characteristic,


../OOA0119.jpg
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purpose, or function of applicant’s goods and/or services. Trademark Act Section 2(e)(1), 15 U.S.C.
81052(€e)(1); see TMEP 8§81209.01(b), 1209.03 et seq.

An abbreviation, initialism, or acronym is merely descriptive when it is generally understood as
“substantially synonymous” with the descriptive words it represents.  See In re Thomas Nelson, Inc., 97
USPQ2d 1712, 1715 (TTAB 2011) (citing Modern Optics, Inc. v. Univis Lens Co., 234 F.2d 504, 506, 110
USPQ 293, 295 (C.C.P.A. 1956)) (holding NKJV substantially synonymous with merely descriptive term
“New King James Version” and thus merely descriptive of bibles); Inre BetaBatt Inc., 89 USPQ2d 1152,
1155 (TTAB 2008) (holding DEC substantially synonymous with merely descriptive term “direct energy
conversion” and thus merely descriptive of atype of batteries and battery related services); TMEP
§1209.03(h).

A mark consisting of an abbreviation, initialism, or acronym will be considered substantially synonymous
with descriptive wording if:

(1) the applied-for mark is an abbreviation, initialism, or acronym for specific wording;
(2) the specific wording is merely descriptive of applicant’ s goods and/or services, and

(3) arelevant consumer viewing the abbreviation, initialism, or acronym in connection with
applicant’ s goods and/or services will recognize it as the equivalent of the merely descriptive wording
it represents.

TMEP 81209.03(h); see In re Thomas Nelson, Inc., 97 USPQ2d at 1715-16 (citing In re Harco Corp., 220
USPQ 1075, 1076 (TTAB 1984)).

In this application, the mark consists of the wording “ICT.” Applicant’s goods consist of “medical
imaging apparatus.”

The previously attached evidence and the additional evidence attached hereto from Visius ICT, Pubmed,
German Healthcare Export Group, Jacobs Journal of Otolaryngology, Healthnet.com, JSM Neurosurgery
and Spine, DoctorQM D.com, Hindawi.com, AOK .pte.hu, PRWeb.com, SFBW, and SC Spine Center
demonstrate clearly that the acronym “ICT” stands for “intraoperative CT” or “intraoperative computed
tomography.” The evidence of record from applicant’ s website also shows that its products are used for
and designed for intraoperative scanning. The acronym “ICT” thus instantly and directly describes
applicant’ simaging apparatus, which is CT scan imaging apparatus suitable for intraoperative use.
Moreover, arelevant consumer viewing applicant’s mark in connection with the identified goods would
recognize it as the equivalent of the descriptive wording it represents because of its common and
longstanding use as an acronym, as the evidence of record shows.

In response, applicant argues that ICT is not generally understood to mean “ intraoperative computed
tomography” and that consumers would not view it as such. The evidence of record, however, contradicts
these assertions, showing the widespread and longstanding use of the acronym to mean “ intraoperative
computed tomography” and supporting the position that it will be viewed as such by consumers.

Applicant also argues that it intended to use the prefix “1” to signify “Internet,” and the examiner has not
shown use of “ICT” withsmall “ i.” As previously noted, descriptivenessis considered in relation to the
relevant goods and/or services. DuoProSS Meditech Corp. v. Inviro Med. Devices, Ltd., 695 F.3d 1247,
1254, 103 USPQ2d 1753, 1757 (Fed. Cir. 2012). “That aterm may have other meaningsin different
contextsis not controlling.” Inre Franklin Cnty. Historical Soc'y , 104 USPQ2d 1085, 1087 (TTAB



2012) (citing Inre Bright-Crest, Ltd., 204 USPQ 591, 593 (TTAB 1979)); TMEP 8§1209.03(e). Thus, the
fact that some entitiesuse “1” to mean “Internet” as a prefix in other contexts does not alter the fact that
“ICT” isadescriptive acronym, and will be perceived as such, in the context of applicant’s particular
goods. Moreover, applicant’s mark is presented in standard characters, not with asmall “1,” and
applicant is thus not restricted to using the mark withasmall “i.” Finally, some of the attached evidence
does, in fact, show use with alower-case* i.”

Applicant’s additional argumentsin support of registration were addressed in the prior Office actions
issued by the examiner.

Thus, the proposed mark merely describes applicant’ s goods and/or services or aspects thereof.
Accordingly, registration is refused under Trademark Act Section 2(e)(1). Thisrefusal is now made
FINAL.

Section 2(e)(1) — Deceptively Misdescriptive— FINAL Refusal:

In the alternative, registration is refused because the applied-for mark is deceptively misdescriptive of
applicant’sgoods. Trademark Act Section 2(e)(1), 15 U.S.C. 81052(e)(1); see TMEP §1209.04.

The test for deceptive misdescriptiveness has two parts. (1) whether the mark misdescribes an ingredient,
characteristic, quality, function, feature, composition or use of the goods and/or services; and if so, (2)
would consumers be likely to believe the misrepresentation. See In re Berman Bros. Harlem Furniture
Inc., 26 USPQ2d 1514 (TTAB 1993); In re Woodward & Lothrop Inc., 4 USPQ2d 1412 (TTAB 1987); In
re Quady Winery, Inc., 221 USPQ 1213 (TTAB 1984); TMEP §1209.04.

As previously noted, because the mark uses the acronym “ICT,” the public will believe the goods are for
intraoperative computed tomography. Applicant has stated in the record, however, that the devices are not
ICT apparatus. The relevant consumers are likely to believe this misrepresentation because, as indicated
by the previously provided evidence, ICT machines are an important tool for medical assessment and
treatment, and applicant is using a known acronym in association with the exact goods that consumers
would expect it to apply to, CT scanners.

Marks that have been refused registration pursuant to Trademark Act Section 2(e)(1) on the ground of
deceptive misdescriptiveness may be registrable on the Principal Register under Section 2(f) upon a
showing of acquired distinctiveness, or on the Supplemental Register. Trademark Act Sections 2(f) and
23,15 U.S.C. 881052(f), 1091; TMEP 81209.04. Marks that are deceptive under Section 2(a) are not
registrable on either the Principal Register or the Supplemental Register under any circumstances. TMEP
§1209.04.

Thisrefusal is now made FINAL.
Identification Amendment to Over come Refusal:
If the goods are not ICT devices, applicant can amend the identification of goods to state this fact, and the
descriptiveness refusal will be withdrawn. Applicant may adopt the following identification of goods, if
accurate:
Medical imaging apparatus, excluding I ntraoperative Computed Tomography (ICT) apparatus
and apparatus for intraoperative use.
In addition, if the identification is amended in this way the information requirement and alternative
mi sdescriptiveness refusal will be withdrawn.
Section 2(f) Claim Unacceptable:




As explained in the previous Office actions, applicant has asserted acquired distinctiveness based on five
years use in commerce and on additional submitted evidence; however, such evidence is not sufficient to
show acquired distinctiveness because applicant’s mark is of a highly descriptive nature. See 15 U.S.C.
81052(e)(1), (f); Inre MetPath, Inc., 1 USPQ2d 1750, 1751-52 (TTAB 1986); TMEP §1212.04(a).
Additional evidence is needed.

Applicant should also note that in addition to being merely descriptive, the applied-for mark appears to be
generic in connection with the identified goods and, therefore, incapable of functioning as a source-
identifier for applicant’s goods. Inre Gould Paper Corp., 834 F.2d 1017, 5 USPQ2d 1110 (Fed. Cir.
1987); In re Pennzoil Prods. Co., 20 USPQ2d 1753 (TTAB 1991); see TMEP §81209.01(c) et seq.,
1209.02(a).

FINAL Information Requirement:

The information request set forth in the prior Office action is maintained. Applicant must provide the
following information and documentation regarding the applied-for mark:

(1) A written statement as to whether any of the technology used in the goods that this trademark
concerns, and that is, was, or could be used intraoperatively, is or has been the subject of a patent or
patent application, including expired patents and abandoned patent applications. Applicant must also
provide copies of the patents and/or patent application documentation; and

(2) A written statement as to whether any of the technology used in the goods that this trademark
concerns, and that is, was, or could be used intraoperatively, is or has been the subject of a patent or
patent application, including expired patents and abandoned patent applications, by anyone other than
applicant. Applicant also must provide copies of the patents and/or patent application documentation.;
See 37 C.F.R. 8§2.61(b); Inre AOP LLC, 107 USPQ2d 1644, 1650-51 (TTAB 2013); In re Cheezwhse.com,
Inc., 85 USPQ2d 1917, 1919 (TTAB 2008); In re Planalytics, Inc., 70 USPQ2d 1453, 1457-58 (TTAB
2004); TMEP 88814, 1402.01(€).

Failure to comply with arequest for information can be grounds for refusing registration. Inre AOP LLC,
107 USPQ2d 1644, 1651 (TTAB 2013); Inre DTI P'ship LLP, 67 USPQ2d 1699, 1701-02 (TTAB 2003);
TMEP 8814. Merely stating that information about the goods or services is available on applicant’s
website is an inappropriate response to a request for additional information and is insufficient to make the
relevant information of record. See In re Planalytics, Inc., 70 USPQ2d 1453, 1457-58 (TTAB 2004).

This requirement is now made FINAL.

Proper Responseto FINAL Office Action:

Applicant must respond within six months of the date of issuance of this final Office action or the
application will be abandoned. 15 U.S.C. §1062(b); 37 C.F.R. §2.65(a). Applicant may respond by
providing one or both of the following:

Q) A response that fully satisfies all outstanding requirements and/or resolves all
outstanding refusals.

(2 An appeal to the Trademark Trial and Appea Board, with the appeal fee of $100
per class.

37 C.F.R. §2.63(b)(1)-(2); TMEP §714.04; see 37 C.F.R. §2.6(a)(18); TBMP ch. 1200.

In certain rare circumstances, an applicant may respond by filing a petition to the Director pursuant to 37
C.F.R. 82.63(b)(2) to review procedural issues. TMEP §714.04; see 37 C.F.R. §2.146(b); TBMP
§1201.05; TMEP 81704 (explaining petitionable matters). The petition feeis $100. 37 C.F.R.
82.6(a)(15).



If applicant has questions regarding this Office action, please telephone or e-mail the assigned trademark
examining attorney. All relevant e-mail communications will be placed in the official application record,;
however, an e-mail communication will not be accepted as a response to this Office action and will not
extend the deadline for filing a proper response. See 37 C.F.R. 882.62(c), 2.191; TMEP 88304.01-.02,
709.04-.05. Further, although the trademark examining attorney may provide additional explanation
pertaining to the refusal (s) and/or requirement(s) in this Office action, the trademark examining attorney
may not provide legal advice or statements about applicant’srights. See TMEP §8705.02, 709.06.

/James MacFarlane/
Examining Attorney

Law Office 104

(571) 270-1512 (phone)
(571) 270-2512 (fax)
james.macfarlane@uspto.gov

TO RESPOND TO THISLETTER: Go to http://www.uspto.gov/trademarks/teas/response forms.jsp. Please
wait 48-72 hours from the issue/mailing date before using the Trademark Electronic Application System
(TEAYS), to alow for necessary system updates of the application. For technical assistance with online
forms, e-mail TEAS@uspto.gov. For questions about the Office action itself, please contact the assigned
trademark examining attorney. E-mail communicationswill not be accepted asresponses to Office
actions; therefore, do not respond to this Office action by e-mail.

All informal e-mail communications relevant to this application will be placed in the official
application record.

WHO MUST SIGN THE RESPONSE: It must be personally signed by an individual applicant or
someone with legal authority to bind an applicant (i.e., a corporate officer, ageneral partner, all joint
applicants). If an applicant is represented by an attorney, the attorney must sign the response.

PERIODICALLY CHECK THE STATUSOF THE APPLICATION: To ensure that applicant does
not miss crucial deadlines or official notices, check the status of the application every three to four months
using the Trademark Status and Document Retrieval (TSDR) system at http://tsdr.uspto.gov/. Please keep
acopy of the TSDR status screen. |If the status shows no change for more than six months, contact the
Trademark Assistance Center by e-mail at TrademarkA ssistanceCenter@uspto.gov or call 1-800-786-
9199. For more information on checking status, see http://www.uspto.gov/trademarks/process/statug/.

TO UPDATE CORRESPONDENCE/E-MAIL ADDRESS: Usethe TEAS form at
http://www.uspto.gov/trademarks/teas/correspondence.j sp.
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VISIUS iIMRI  VISIUS ICT SYMBIS SURGICAL SYSTEM ACCESSORIES

SPINAL SURGERY IMAGE QUALITY DOSE MANAGEMENT CONFIGURATIONS

STATE-OF-THE-ART IMAGING AND
LOW DOSE IN THE OR

VISIUS iCT is a specialized multifunctional surgical theater that STATE-OF-THE-ART IMAGE QUALITY
brings state-of-the-art Computed Tomography (CT) image - : ’ E
quality with low dose management directly to patients in the R sy s g hEstERt o dT-saliion
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provides full CT reimbursement.

The first and only ceiling-mounted intraoperative CT travels on-
demand to the patient — without introducing additional risks of
moving the patient or having anything touch the floor — and
preserves OR protocols, including optimal surgical access and
technigues. Enabling scanning, diagnosis and intervention in
one room without moving the patient or equipment, it is ideal for
a busy operating room or trauma setting for multiple surgical
disciplines such as neuro, spinal, orthopedic, ENT, and trauma
surgeries and interventional radiology.

Iariayeiier it

>> Diagnostic image quality with no compromise to exam
speed

>> B4-slice fan beam true CT imaging

ACCESSED EFFORTLESSLY IN THE OR

>> Moves into or out of the OR in less than 30 seconds

>> Ceiling rails provide longest sliding gantry travel distance

>> Freedom from issues with floor rails or wheeled systems

>> Full asset utilization: enables use in two operating suites
on-demand

Download the VISIUS iCT Brochure
For updates on VISIUS iCT, connect with us by regisiering.

SPINAL SURGERY PATIENT RESOURCES

VISIUS iCT HOSPITALS

VISIUS iCT INSTALLATION

<

1
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This is the html version of the file http-/fwww imris com/sites/53b8adddaed20223e1000002/theme/images/pdfVISIUS_iCT_Brochure pdf

Google automatically generates html versions of documents as we crawl the web.
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VISIUS 1CT by IMRIS
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rxperience
state-of-the-art

CT imaging accessed
cffortlessly in the OR.

Page 2

Developed for cranial and spinal neurosurgery, the VISIUS® iCT provides
low duse, diagnostic guality fmaging. The Gistand vnly ceiling mounted
intraoperative CT travels on-demand to the patient — without introducing
additional risk — to preserve OR. protocols, optimal surgical access and
techniques.

State-of-the-art image

analitv and coftware
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The 64-slice scanner features advanced software applications that minimize
radiation exposure in real time and industry leading post-processing software
to enhance surgical diagnosis and mtervention. VISIUS iCT has the industry’s
highest isotropic resolution of 0.33 mm: at any scan and rotation speed and

at any position within the scan ficld without a comresponding incrcase in dose.
Software applications include:

=% Advanced Surgical Planning

=% CT Guided Angiography

= Automatic Organ and Spine Recognition

=% 3D Volume Rendenng

=% 3D Guided Intervention for MIS

=% [terative Reconstruction

=% Intelligent Dose Management

Page 3
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Cl1UI LlUSSly 1110VC
between rooms

The mobility of the VISIUS iCT enables multiple operating room configurations

to meet clinical requirements and increase system utilization. Layouts include
one- or two- OR configurations with a center room isolating the CT from the

surgical theater while not in use.

Advantages of celing-mounted rail system:
=% No patient transport required for imaging
=% No compromises due to floor rails or wheeled systems

= Maintain familiar surgical protocols, workdlow and

infection control procedures
=% Bystem can travel up to 36.3 ft between rooms

= CT moves into or out of the OR in less than 30 seconds

Page 4
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Intraoperative computed tomography for intracranial electrode implantation surgery in medically refractory
epilepsy.
Lee DJ', Zwienenberg-Lee M. Seyal M, Shahlaie K.

(# Author information

Abstract

OBJECT Accurate placement of intracranial depth and subdural electrodes is important in evaluating patients with medically refractory epilepsy for
possible resection. Confirming electrode locations on postoperative CT scans does not allow for immediate replacement of malpositioned electrodes,
and thus revision surgery is required in select cases. Intraoperative CT (iCT) using the Medtronic O-arm device has been performed to detect electrode
locations in deep brain stimulation surgery, but its application in epilepsy surgery has not been explored. In the present study, the authors describe their
institutional experience in using the O-arm to facilitate accurate placement of intracranial electrodes for epilepsy monitoring. METHODS In this
retrospective study, the authors evaluated consecutive patients who had undergone subdural and/or depth electrode implantation for epilepsy
monitoring between November 2010 and September 2012, The O-arm device is used to obtain iCT images. which are then merged with the
preoperative planning MRI studies and reviewed by the surgical team to confirm final positioning. Minor modifications in patient positioning and
operative field preparation are necessary to safely incorporate the O-arm device into routine intracranial electrode implantation surgery. The device
does not obstruct surgecn access for bur hole or craniotomy surgery. Depth and subdural electrode locations are easily identified on iCT, which merge
with MRI studies without difficulty, allowing the epilepsy surgical team to intraoperatively confirm lead locations. RESULTS Depth and subdural
electrodes were implanted in 10 consecutive patients by using routine surgical technigues together with precperative stereotactic planning and
intraoperative neuronavigation. No wound infections or other surgical complications occurred. In one patient, the hippocampal depth electrode was
believed to be in a suboptimal position and was repositioned before final wound closure. Additicnally, 4 strip electrodes were replaced due to
suboptimal positioning. Postoperative CT scans did not differ from iCT studies in the first 3 patients in the series and thus were not obtained in the final
T patients. Overall, operative time was extended by approximately 10-15 minutes for O-arm positioning, less than 1 minute for image acquisition, and
approximately 10 minutes for image transfer, fusion, and intraoperative analysis (total time 21-26 minutes). CONCLUSIONS The O-arm device can be
easily incorporated into routine intracranial electrode implantation surgery in standard-sized operating rooms. The technique provides accurate 3D
visualization of depth and subdural electrode contacts, and the intraoperative images can be easily merged with preoperative MRI studies to confirm
lead positions before final wound closure. Intraoperative CT obviates the need for routine postoperative CT and has the potential to improve the
accuracy of intracranial electroencephalography recordings and may reduce the necessity for revision surgery.

KEYWORDS: DBS = deep brain stimulation; EEG = electroencephalography; electroencephalography; epilepsy, iCT = intracperative CT, iMRI = intraoperative MRI
image-guided surgery; intraoperative computed tomography

PMID: 25361483 [PubMed - as supplied by publisher]
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Abstract

Purpose

Preoperative CT in conjunction with image guidance system (IGS) is commonly used during endoscopic sinus surgery (ESS).
However, comparison for level of completeness and safety with and without IGS during ESS has not been evaluated. In this
study, we compare ESS dissections with and without CT IGS, and evaluate the ability of intraoperative CT (ICT) in identifying
the dissection completeness.

Methods

CT scans were performed before ESS. Each side of the cadaver was randomized into two groups. Group 1 (IGS+) was
dissected using CT IGS to complete ESS. Group 2 (IGS-) was dissected without IGS. ICT was performed after completion of
ESS to document any residual cells for both groups. All post-dissection CT scans were evaluated for incompleteness and

disruption outside the sinuses. Comparisons were made between the two groups.

Resulls

Ten cadavers with 20 paranasal sinus cavities were used in the study. Complete dissections were performed for maxilary
antrostomy, anterior ethmoidectomy and sphenoidotomy in both groups. Residual unopened air cells were identified in posterior
aethmnoidectomy (PF) and frontal sinusntomy (FS). The percentage of complete dissectinn was higher in 1GS- (100% for PF,
80% for FS) than IG5+ (80% for both), though it did not reach statistical significance (p=0.2, 0.7 respectively). Using the
ICT, complete dissection was achieved with the subsequent dissection. There was no orbital or skull base invasion in either

group.

Conclusion

The precision and safety profile of ESS may be similar regardless of IGS. ICT scan can detect unopened air cell and can be

useful in assisting comprehensive ESS dissection.

Keywords: Complication; Image Guidance; Intracperative Imaging; Computer Tomography; Endoscopic Sinus Surgery;
Complete Dissection; Study
Introduction

Endoscopic sinus surgery (ESS) can pose inherent challenges at any level of surgical experience. Both the efficacy and
incidence of complications may be affected by a surgeon’s ability to navigate through normal variations in sinus anatomy.
Furthermore, because of the documented risk of significant complications while performing ESS, an inexperienced surgeon may
be tempted to stay away from critical structures (e.g., lamina papyracea or skull base) to avoid complications [1]. Endoscopic
sinus surgery, however, has become a treatment of choice for operations involving paranasal sinuses [2]. Therefore, the
importance of completeness must be emphasized to avoid treatment failure and disease recurrence. In recent years,
preoperative CT image guidance has served as an advantageous adjunct to assist surgeons in advanced or revision

endoscopic sinus and skull base operations [3]. The use of image guidance has improved the precision and thoroughness of
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surgeries like ESS by providing a sense of enhanced safety [4]. Additionally, data suggested that procedures performed by
residents with image guidance had improved surgical accuracy and less risk of major complications [5]. Image guidance,
however, has notable shortcomings. The enhanced confidence can possibly lead to incomplete dissection of sinus cavities.
Alsu peilforming imaye-guided surgery (IGS) requires vperaluors Lo menlally revise real-Lime changes in analumy ol the surygical
field [6]. This lowers the precision of IGS as changes are not reflected when the anatomy is now distorted. Furthermore, since
normal sinus anatomies are variable; tissue planes changes and get displaced during surgery, navigating patients’ unique
anatomical differences may add complexities to already advanced procedures.

The xCAT® ENT (Xoran Technologies, Ann Arbor, MI} has addressed the need for real-time CT imaging. The xCAT® ENT
captures 600 frames in 40 seconds to provide concurrent intraoperative computed tomography (ICT) imaging. This technology
allows physicians to capture progressive data revealing tissue changes while still within the surgical field [2,6]. Images can
then be used to determine the degree of completeness in dissection and to verify that the initial surgical plan has been met.
In this study, we aim to: 1) determine whether ESS using IGS can achieve the same degree of precision and safety as ESS
without IGS and 2) determine if ICT can assist in completing the ESS without IGS.

Methods

A A total of 20 endoscopic dissections were performed on 10 cadavers by one physician. Each cadaver was scanned with a
Xoran xCAT® ENT portable CT scanner prior to dissection (preCT). CT scans were then used to identify normal anatomical
variations, specifically: low-hanging anterior ethmoid artery (AEA), Haller cells, Keros classification, uncinate attachment,
frontal cell classification, Onodi cells, supraorbital ethmoid cells, and intrafrontal septal cells.

Each nasal cavity of the 10 cadavers was randomly assigned to one of two groups and each dissection was performed
independently. In the first group (Group 1: IGS+), complete dissection was performed [{i.e., maxillary antrostomy (MA),
anterior ethmoidectomy (AE), posterior ethmoidectomy (PE), sphencidotomy (SP) and frontal sinusotomy (FS)] using preCT
images in IGS. Post-dissection CT scan or intraoperative CT (ICT) was performed at the end of the dissection to evaluate for
any remaining sinonasal cell. Any reattempt to the incomplete dissection after the initial procedure was based off of the maost
current ICT image. The second group (Group 2: 1GS-) attempted the dissection without IGS and subsequently performed ICT
scans after the complete dissection to evaluate completeness. A final CT scan was obtained after completion of all
ections. All CT scans were then evaluated by 2 independent physicians for residual unopened air cells and breaches of the
ﬁna papyracea or skull base; comparisons in number of attempts and completencess were then made between both groups

using one- tail Fisher exact test to determine statistical significance.
Results

There were 10 cadaver heads with 20 independently sorted nasal cavities. Each group consisted of 10 paranasal sinuses.
There were no differences in the number of residual unopened air cells between groups for MA, AE or SP (Table 1). However, a
second attempt to perform a complete PE was required in 4 cases, 2 from each group (Table 2, p=0.7). For both groups, a
residual cell remained after an initial attempt and was cleared after a second attempt (Figure 1).

AN )
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For FS, there were differences between the 2 groups (Table 2). Group 1 (IGS+) completed 8 of 10 (B0%) FS dissections after
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one attempt (p=0.2). On one sample two residual cells remained at the skull base after all efforts to remove them. In group 2
(IGS-), 10 of 10 (100%) FS dissections were completed after one attempt and all residual cells at the skull base were
dissected. There was no breach of the lamina papyracea or skull base using either method. In comparing the overall dissection
(of all paranasal sinuses) for completeness between the 2 groups (Table 2), group 1 completion rate was 70% compared to
80% in yroup 2 (p=0.5). Nu pusilive bUend was observed for differences in compleleness regarding low hanging AEA, Haller
cells, Keros classification, uncinate attachment, frontal cell classification, Onodi cells, supraorbital ethmoid cells or interfrontal
septal cells. Interestingly for one specimen, both sides of nasal cavities required multiple attempts for complete dissection.

The PE and FS on the left side both required 2 attempts. All Haller cells were opened with equal success in both groups.

Discussion

Complete yet safe ethmoid and frontal sinuses dissections are especially difficult to perform due to anatomical variations and
their close proximity to vital structures. Whether using IGS or not to perform ESS, similar degree of completeness can be
achieved in our study. Although, the results were not statistically significant, IGS did not seem to provide additional benefit.
In addition, ICT appeared to be useful in completing PE and FS dissections even without the use of IGS. Variations in anatomy
did not significantly affect levels of completeness of MA, AE, PE or SP with regards to IGS. However, the incomplete resection

of an uncinate attached to middle turbinate in one specimen resulted in failed PE and FS dissections on first attempt.

IGS has almost become the standard of practice in endoscopic sinus surgery nowadays. Current IGS technology relies on
preoperative CT imaging only. This can negatively affect IGS accuracy as ongoing dissection distorts and displaces the
surgical anatomy. Intraoperative-CT scans can overcome this by providing real-time localization and guidance. The present
study showed that ICT alone without IGS may be sufficient to ensure complete dissection without violating vital structures
especially in FS. This provided additional insight to a previous cadaver study conducted by Wise et al, which demonstrated
superior anatomical identification as well as surgeon's confidence with IGS compared to endoscopy alone [7]. In an
independent cadaver study, the use of ICT also significantly improved the accuracy of surgery at the skull base [3].

Although anatomical variations presented differently between patients, our experiment showed that the evaluated structures
(i.e., AEA, Haller cells, Keros classification, uncinate attachment, frontal cell classification, Onodi cells, supraorbital ethmoid
cells, and intrafrontal septal cells,) did not significantly affect a surgeon’s ability to achieve complete dissection with the same
safety profile with or without IGS.

Limitations to our current study include the nature of a cadaver study and the small number of cadavers available. Ideally, the
comparison should be made in living patients with nasal polyposis and bleeding to best represent a true operative environment.

However, such clinical studies will unlikely meet IRB criteria for human study approval.

Conclusion

IGS has shown to be accurate and reliable when performing ESS. However ESS without IGS was as effective as ESS with IGS
in our study. Intraoperative CT or post-dissection CT demonstrated unopened sinus air cells and provided information for a
complete dissection after the scan was performed. Our study demonstrated the beneficial use of ICT in ensuring a

comprehensive sinus dissection as well as determining any intraoperative complication even when IGS is not available.
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Segmental mandibular defects are typically reconstructed with vascularized bone grafts. Free transfer grafts require
microvascular anastomosis, which may be difficult in vessel-depleted necks and high-risk patients. We report a case of
squamous cell carcinoma of the lower gingiva involving the mandibular bone. We performed a combination of frozen autograft
and pecloralis majur (PM) Map Lo reconsbiucl the mandibular defecl. The lumor was resecled en bloc with a mandibular
segment. To reconstruct the oral defect, we used liquid nitrogen-treated autograft. The PM flap was wrapped around the
reconstructed mandible. Frozen autograft and PM flap combined is both oncologically and cosmetically a good procedure in

contemporary oral and maxillofacial surgery.

Keywords: Liquid Nitrogen; Autograft; Mandibular Reconstruction
Introduction

Several procedures are currently used to reconstruct bony and soft tissue defects after segmental bone resection of an oral
malignancy [1]. Functional and aesthetic outcomes depend on good reconstruction of both the soft tissue and bone [2]. The
use of free vascularized bone, such as fibula osteoseptocutaneous flap or iliac crest, represents a general procedure for

ﬂonstructing soft tissue and bony defects in oral and maxillofacial surgery with the maturation of microvascular surgery
echnigues [3,4]. The bone reshaping required to obtain a good morphological result and optimal occlusion is not easy, and
has been associated with severe donor site morbidity [5]. Free transfer flap also requires recipient vessels, at least 1 artery
and 1 vein for microsurgical anastomosis. However, a major limitation is the availability of suitable recipient vessels in patients
with a vessel-depleted neck after multiple neck surgeries.

Cryosurgery, immediate mandibular reconstruction using tumor-bearing autografts treated with liquid nitrogen, was performed
in the 1970s [6]: however, local failure occurred in 70% of cases due to salivary contamination. Sealing the oral cavities of

patients with well-vascularized flaps may overcome these problems [7].

We performed a combination of frozen autograft and pectoralis major (PM) flap to reconstruct a mandibular defect in a patient
with a wvessel-depleted neck after multiple neck surgeries. This procedure was approval by the Internal Review Board of

Kanazawa University Hospital.
Case report

A 67-year-old male was referred to our hospital complaining of pain and bleeding in the left lower gingiva for two months. His
past medical history was considerable for laryngeal cancer. He underwent neck surgeries several times, including total
laryngectomy, salvage anterolateral thigh flap reconstruction due to a salivary fistula, and pharyngectomy with free jejunal
graft reconstruction because of severe pharyngeal stenosis. Squamous cell carcinoma of the lower gingiva was diagnosed

based on pathological examination. Computed tomography revealed osteolytic invasion of the mandibular bone (Figure 1).
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Figure 1. Cervical computed tomography. Carcinoma of the gingiva invading the mandibular bone.

The tumor was resected en bloc with a mandibular segment. The soft tissue and tumor attached to the mandible were
removed (Figure 2A). Multiple fenestrae were drilled in the bone to facilitate revascularization. The bone segments thus

pared were then immersed in liquid nitrogen at -196°C for 20min (Figure 2B), thawed for 15min at room temperature, and
submerged in distilled water for 15min. The mandibular segment was reimplanted into its normal anatomical position and fixed
with a single titanium reconstruction plate (Figure 2C, D). The PM flap was elevated and pulled through a tunnel created from
the submandibular region to the intraoral mucosal defect to cover the mucosal defect (Figure 2E). The PM flap was wrapped
around the reconstruction mandible and sutured to the surrounding oral mucosa to avoid exposure of the mandibular
reconstructinon plate (Figure 2F). The pedicle of PM flap was resected nne month after the first surgery. CT showed that the
reimplanted grafts survived with no loss of thickness one month after surgery. The patient was able to eat soft food and
drink.

B: Liguid nitrogen treatment. Bone segments were immersed in liquid nitrogen at - 196°C.
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D: The autogratt was tixed with a single titanium reconstruction plate. The PM flap (arrow head) was wrapped around the

reconstructed mandibular bone.
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F: The PM flap was wrapped around the reconstruction mandible.

Discussion

Segmental mandibular defects are typically reconstructed with wvascularized bone grafts. Free transfer grafts require
microvascular anastomosis, which may be difficult in vessel-depleted necks and high-risk patients. Plate reconstruction or
leaving a free-floating mandible with only soft-tissue reconstruction was previously regarded as well tolerated [8]. However,
plates with PM flap reconstructions always carry the risk of infection and plate exposure. To overcome these problems, we
performed frozen autogenous mandibular graft and PM flap to reconstruct the bony and soft tissue defect. Frozen autogenous

lesioned mandibles act as a supporting framework for the surgical defect (Figure 3).

Lucie Race vt
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Cryosurgery selectively destroys tissue by the controlled use of alternating freezing and thawing, which may form ice crystals
between cells. These crystals may induce intracellular dehydration, leading to cell death. Another possible cause of cell death
during cryosurgery is ischemic infarction due to thrombosis in the microcirculation [9]. The use of frozen autogenous
mandibular grafts to reconstruct surgical defects has advantages over other methods. Firstly, the bone graft is autogenous
and, therefore, non-antigenic. Secondly, optical morphological results are commonly obtained because the shape of the bone
graft coincides with the surgical defect. Thirdly, this method is relatively simple. Other oncological sterilization methods
including autoclaving [10], irradiation [11], and pasteurization [12] require special equipment or strict thermal control. Finally,
no donor site morbidity occurred by avoiding bone grafts from other parts of the body [7,13]. However, possible risk factors
for frozen grafts include mandibular fracture and sequestrum [13]. Histological examination of resected mandibular bone Is
impossible. No cancer recurrence in the bone has been reported following the insertion of frozen autogenous bone grafts,

which indicates that the technigue is oncologically safe [14].
—
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ne clear advantage of this procedure is that PM flap reconstruction eliminates the need for microvascular anastomosis,which
may be difficult and unsafe in vessel-depleted necks [15]. As a result of previous ablative surgery, our case underwent PM
flap reconstruction due to the non-availability of suitable vessels for anastomosis. PM flap provides excellent cover for the
implanted mandibular graft and plate. It is important to preserve sufficient well-vascularized soft tissue around the reimplanted
graft [7].

In summary, frozen autograft and PM flap combined is a good procedure for selected indications in contemporary oral and
maxillofacial surgery. Thare are many techniques for mandibular reconstruction which are accompanied with various pros and
cons. This method cannot be recommended as a standard procedure for mandibular reconstruction because various free flaps
works very good in reconstruction. However, frozen autograft and PM flap combined is one of the most suitable techniques
currently available to reconstruct medium-sized bony and soft tissue defects in the oral cavity and achieves good functional

and aesthetic outcomes in vessel-depleted necks and high-risk patients.
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National Medical Policy

Subject: Stealth System for Neurosurgery
Policy Number: NMP19
Effective Date*: November 2010

Updated: August 2014

This National Medical Policy is subject to the terms in the
IMPORTANT NOTICE
at the end of this document

For Medicaid Plans: Please refer to the appropriate Medicaid Manuals for
coverage guidelines prior to applying Health Net Medical Policies

The Centers for Medicare & Medicaid Services (CAS)
For Medicare Advantage members please refer to the following for coverage
guidelines first:

Use Source Reference/Website Link
National Coverage Determination
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LNALIULAL LUVELAES LAISLULIALIVLL
(NCD)

National Coverage Manual Citation
Local Coverage Determination
(Lcoy

Article (Local)®

Other

X None Use Health Net Policy

Instructions
Medicare NCDs and National Coverage Manuals apply to ALL Medicare members
in ALL regions.
Medicare LCDs and Articles apply to members in specific regions. To access your
specific region, select the link provided under “ReferenceWebsite™ and follow the
search instructions. Enter the topic and your specific state to find the coverage
determinations for your region. *Note: Health Net must follow local coverage

determinations (LCDs) of Medicare Administration Contractors (MACs) located

outside their service area when those MACs have exclusive coverage of an item
or service. (CMS Manual Chapter 4 Section 90.2)

If more than one source is checked, you need to access all sources as, on
occasion, an LCD or article contains additional coverage infi ion than
contained in the NCD or National Coverage Manual.

If there is no NCD, National Coverage Manual or region specific LCD/ Article,

follow the Health Net E y of Medical R for
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Current Policy Statement
Health Net Inc. considers the stealth system for neurosurgery as an accepted
standard of care for deep location lesions of the brain.

Not Medically Necessary

Health Net, Inc. considers the stealth system for use in spinal surgery not medically
necessary at this time. There is a lack of peer-reviewed, randomized controlled or
comparative studies to determine the efficacy and safety of this system as compared
to fluoroscopy.

Key Words

Definitions
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UELLIILOIS
DES Deep brain stimulation
IGS Image-guided stersotactic surgery
LED= Light-emitting diodes
ICT Intraoperative computed tomography

Codes Related To This Policy

NOTE:

The codes listed in this policy are for reference purposes only. Listing of a code in
this policy does not imply that the service described by this code is a covered or non-
covered health service. Coverage is determined by the benefit documents and

medical necessity criteria. This list of codes may not be all inclusive.

On October 1, 2015 the ICD-9 code sets used to report medical diagnoses and
inpatient procedures will be replaced by ICD-10 code sets. Health Net National
Medical Policies will now include the preliminary ICD-10 codes in preparation for this
transition Please note that these may not he the final versions of the codes and

that will not be accepted for billing or payment purposes until the October 1, 2013

implementation date.

ICD-2 Codes
191.0-191.5 Neoplasm of brain
1919 Glial tumor (astrocytoma, glioma, glioblastoma)
1702 Neoplasm of vertebral column

Skull base tumor

Brain tumor
7122-7229 Intervertebral Disc Disorders
74781 Arteriovenous malformations
7842 Intracranial tumor
ICD-10 Codes
C412 Malignant neoplasm of vertebral column
C71.0-C719 Malignant necplasm of brain
Di64 Benign neoplasm of bones of skull and face
D432 Neoplasm of uncertain behavior of brain, unspecified
D434 Neoplasm of uncertain behavior of spinal cord
M30.00-M34.9 Other dorsopathies
Q282 Arteriovenous malformation of cerebral vessels
228.3 Other malformations of cerebral vessels
R220 Localized swelling, mass and lump, head

Stealth System for Neurosurgery Aug 14 2
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CPT Codes

61181 Stereotactic computer-assisted (navigational) procedure,
cranial, intradural

61782 Stersotactic computer-assisted (navigational) procedure,
cranial, extradural

61783 Stersotactic computer-assisted (navigational) procedure,
cranial, spinal

HCPCS Codes

NIA

Scientific Rationale — Update August 2013
Miao et al (2013) evatuated 16 patients with brain lesions adjacent to hand motor
area were recruited from January 2011 to April 2012, All of them underwent
neuronavigator-assisted microsurgery. Also intraoperative nenrophysiological
monitoring (IONM) was conducted to further map hand motor area and epileptogenic
focus. High-field iMRT was employed to update the anatomical and functional imaging
date and verify the extent of lesion resection. Brain shifting during the functional
neuronavigation was corrected by iIMRI in 3 patients. Finally, total lesion resection
was achieved in 13 cases and subtotal resection in 3 cases. At Months 3-12 post-
operation, hand motor function improved (n = 10) or remained unchanged (n = 6).
None of them had persistent neurological deficit. The postoperative seizure
improvement achieved Enge IT level or above in @ cases of brain lesions complicated
with secondary epilepsy. Investigators concluded intraoperative MRI, functional
igation and neurophysiological monitoring technique are complementary in

microsurgery of brain lesions involving hand motor area. Combined use of these
terhniques can nhtain pracise lncation of lesions and hand motor finetional

tructures and allow a mant ion of lesion and minimization of

postoperative neurological deficits.

Scientific Rationale

The Stealth System is a type of a ncuronavigational system, which includes various
components; it uses computer-assisted, image-guided navigational systems for
neurosurgery of the head and spine. Pre-op CT and MRI scans are also utilized to
facilitate presurgical planning and provide intracperative guidance to the surgeon.
Intraoperative imaging may also be performed to provide localization and anatomical
updates.

The StealthStation consists of a computer workstation with image-processing
software, touch-screen monitor, customized surgical instruments, and an electro-
optical camera to recognize light-emitting diodes (LEDs). The StealthStation TREON
sysiemn cutnbines pre-vperative dispmustic scans of the patient, with real-lime

images during surgery, captursd by the LEDs cameras within the system. An optical
tracking digitizer measures the 3D location of the arrays in the operating room. Once
loaded into the StealthStation system, the computer technology translates this
information into precize 3D images that help surgeons map the safest, least invasive
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path to the target site. Surgeons control the location of the cameras and the merging

of data from other sources, which is proposed to provide the most precise images of
the surgical area possible. The precision provided by the StealthStation system is
proposed to allow surgeons to focus on the exact location they need to reach during
surgery. without compromizing nearby muscle. tissue. nerves or blood vesszels. The
system is also being proposed for directing needle biopsies as well as insertion of

stimulating wire electrode leads for conditions like Parkinson's disease.

Stealth System for Neurosurgery Aug 14 3
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The 'Computerized Stealth System for Neurosurgery” is also known as Frameless
Stereotaxy, Computer Interactive Surgery, or Image-Guided Surgery. Several
companies manufacture the software for these computer-based systems. Each
company gives their system a brand name, (i.e. Stealth Station intraoperative
guiding system [Medtronic Sofamor Danek, Memphis, TN]).

Per Medtronic, the proposed advantages of the stealth system include better pre-op
localization which allows the surgeon to make a smaller incision and smaller opening
in the skull for many procedures; safer surgery with decreased incidents of post-op
neurological deficits; more complete resection of tumor, shorter hospital stays;
decreased length of surgical procedure times. The disadvantages to the newer
image-guidance systems include the following: they are costly, and because not all
‘hospitals can afford them, they are not available to all surgeons; they vsually require
two separate CT scans, which contributes to inconvenience as well as cost. Separate
CT =cans are required for diagnostic putposes (preoperative decizion-malking) and for
use with the computer-aided surgical system; the need for additional preoperative
setup time in order to position and calibrate the system. and the need for more
space in the operating room.

The Stealth system, is now available and in use at Theda Clark Medical Center in
Neenah, Wisconsin. This system has been used on approximately 23 cases at this
facility, for various brain tumors, skull-base tumors, pituitary tumors, arteriovenous
malformations, ventricular catheter pl ts, and spinal procedures. With
appropriate software, Ear, Nose & Throat surgeons have also used the system for

cartain complex sinns surgeriss

This system has also been used at Wyoming Spine & Nevrosurgical Center, Duke
University Medical Center, 5t. Anthony Central Hospital in Denver, Colorado, VCU
Medical Center in Virginia, The University of Maryland Medical Center, United Hospital

in Wi and A h ta (renaral Hoanital
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in Minnesota, and Massachusetts General Hospital.

Wiltfang et al. (2003) evaluated the evaluate the suitability and usefulness of the

Stealth Station intraoperative guiding system. Eleven intraoperative image—guided

procedures were performed for anterior or lateral skull base lesions. The most
gical approaches included frontal, coronal, and parietotemporal

access. Neuronavigation reliably allowed the extent of tumor configuration and risk

zones (2.g., blood vessels) to be visualized. image—guided surgery is particularty

wvaluable for the treatment of anterior and lateral skull base tumors or trauma cases.
Further indications must await future studies and investigations.

Broggi et al. (2003) completed a case series (n=first 50 patients) who underwent
intraoperative computed tomography (iCT). A variety of navigational systems were
used including the StealthStation; (mean age 54 yrs, range 16-71; 21 men, 20
women). Clinical hx'pt characteristics: Glioblastoma (n=13); anaplastic astrocytoma
(n=4); low-grade glioma (n=3); ingi (n=4); clival chord (n=1);

Parkinson disease (n=13); essential tremor (n=3); dystonia (n=3); biopsy or cyst
(1=4). Time added by iCT: 5-15 mins to position pt on table adaptor required for

scanner; 20-43 mins for gantry positioning and scan acquisition Impact on surgery:

iCT revealed 4 cazes of residual tumor, resection resumed; iCT fused w/ preoperative

MR revealed 2 cases of electrode placement error and allowed correction. MRI: MRI:

2/23 cases in which iCT was interpreted to reveal complete tumor resection were

false negatives. Intraoperative imaging resulted in more complete tumeor resection or
orrection of electrode pl in a small percentage of patients but also resulted

in a small number of unintended, incomplete tumor resections. Limitations:

Stealth System for Neurosurgery Aug 14 4
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Retrospective design; no controls or comparison group; no blinding; complications
not reportad (NR): morbidity NE. no follow/up.

Homma ct al. (2008) In total marillectomy, the eatire upper jaw including the tumor
is removed en bloc from the facial skeleton. An intraoperative computed tomographic
guidance system (ICTGS) can improve orientation during surgical procedures.
However, its efficacy in head and neck surgery remains controversial. This study
evaluated the use of an ICTGS in total maxillectomy. Five patients with maxillary
sinus neoplasms underwent surgery using a StealthStation ICTGS. The headset was
used for anatomic registration during the preoperative CT scan and surgical
procedure. The average accuracy was 0.95 mm. The ICTGS provided satisfactory
accuracy until the end of resection in all cases, and helped the surgeon to confirm

the anatomical location and decide upon the extent of removal in real time. It
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seemed to be useful when the zygoma, maxillary frontal process, orbital floor, and

pteryeoid process were divided. All patients remained alive and disease free during
short-term follow-up. The ICTGS played a suppl v role in total maxillectomy,
helping the surgeon to recognize target points accurately in real time, to determine

the bone-resection line. and to use the most direct route to reach
the lesion. It could alzo reduce the extent of the =kin incizion and removal, thus
maintaining oncological safety. However, this study was very small with only five
patients undergoing surgery using a StealthStation intraoperative computed
tomographic guidance system (ICTGS). At this time, there are insufficient outcomes
data available from controlled clinical trials published in peer-reviewed literature.

Nowitzke et al. (2008) used the StealthStation computer-assisted surgery system in
17 cases; all have been done in the mid or low thoracic and lumbar regions where

the operative level is not visible on the same image intensifier image as the
mhansacral junction Al cases have nndergons postoperative radinlogy to check
surgerical level and no cases of incorrect level of surgery have occurred. No accuracy
errors have developed during surgery and no complications from the reference arc
have occurred. This technique is indicated for level localization in the spine where the
operative level cannot be visualized on the same fluoroscopy field of view as the
reference level It has a relative contraindication in the vpper thoracic spine, in the
very obese, and in the presence of osteoporosis where fluoroscopic imaging is
difficult. This technique satisfies a number of criteria for the "ideal technique” and
has advantages over current methods. However, there are only 17 cases noted in
this study. Additional larger, peer-reviewed randomized controlled or comparative
studies are necessary to determine if nevrosurgical procedures using the
StealthStation have equivalent surgical or better to the current

q

neurosurgical procedures.

There is one ongoing Cinical Trial currently recruiting members on Comparizon of
Standard N ion With Intraoperative Magnetic B Imaging (MRI)
for the Neurosurgical Treatment of Malignant Brain Tumors (RACING). The device in
this study is the Stealth Station. ClinicalTrials gov Identifier NCT00943007.

Per the Neurosurgeons at the University of Maryland Medical Center, "The Stealth
Station can never replace the skill and expertise of a good surgeon, but it can
enhance a surgeon’s abilities and success in the most difficult cazes.”

In summary, localization in deep brain lesions where intervention is in close
proximity to vital structures remains very difficult. Frame based stereotactic
appruaches are limiled (o te sholl and bave an inherent lmitation with the need fn
placement of a stereotactic frame, as well as obstruction of access by the frame
itself. The stealth system clears up the imitation of the stereotactic frame and

Stealth System for Neurosurgery Aug 14 3
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provides constant gnidance in the middle of a surgical intervention, it also provides
the information ae it applies to surpical ion that are potentially
fitted with a diode emitter. The degree of freedom in the surgical approach is
unequaled as compared to frame based stereotactic surgery. This seems equivalent

Tinl

to electromagnetic based systems.

There arc seme comparative studics done in the literature, although no well
designed, peer-reviewed randomized controlled trials on stealth nenrosurgery were
found. However, the stealth system at this time is an accepted standard of care for
deep location lesion of the brain

When compared to existing frameless navigation systems, the Stealth system does
not provide any advantage for use in spinal surgery. Its use in the spine remains at
issue, since studies could be designed for typical cases like pedicle screw fixation to
prove or disprove the efficacy of the stealth system compared to fluoroscopy.

Althouph the stealth sysien for neorosupey seens prowising and is being done at
wvarious facilities in this country, there continues to be a paucity of peer-reviewed
scientific literature to support the safety and efficacy of this system when used in the
spine. Data from large-zeale, well designed controlled or comparison trials are

needed to demonstrate its safety and effectivensss when used with spinal surgery.

Review History

November 2010 Initial Approval of Medical Advisory Council
September 2011 Update — no revisions. Code updates

Aungust 2012 Update. No Revisions.

Auvgust 2013 Update —no revision. Code updates

Angust 2014 Update —no revisions. Code updates
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Important Notice

‘General Purpose.

Health Nat's National Magicsl Bolicias (the "Holines") ara devalopad to sssist Heslth Net in sdmimstanng
plan bensfits and determining whether a particolar procedurs, drog, service or supply is medically
nacessary. The Policies are basad upon a review of the availsble clinical infemation including clinical
outcoms studies in the peer-rviswed published meadical litersturs, rezulstory status of the drug or device,
avidence-bazad guidalines of Zovemmentsl bodiss, and evidence-basad guidelines and positions of salact
national hazlth i izati Covaraga i a2 mada on 3 casa-by-casa basiz

amnd e wwbject o all of the e, wsditivss, liditetivs, axd ewdesives of G arde’s wr,
including madical nacessity aquirements. Haalth Net may usa the Policies to determine whether under the
Hcts and circumstances of a particular case, the proposad procadure, drug, sarvice or supply is medically
neceszary. The conclusion that 2 proceduss, drog, service or supply is medically necessary does not
constitute coverage. The member's contract dafines which procedure, drug, sarvice or supply is coverad,
axcludad, limitad, or subjact to doller caps. The policy provides Br clasrly written, reasonable and cument
cxitesia that have bemn epproved by Health Mat's Maticnal Medical Advisory Council (MAC). The clinical
criteria and madical policies provide guidalines for datarmining the medical necessity criteria for spacific
procedures, aquipment, snd services. In order to be sligible, all services must be medically neceszany and
othenwisa defined in the member's benefits contract s= described this "Important Notice” disclaimer. In all
casas, final benafit detarminstions are basad on the applicsbls contract languams To the axtent there sre
any condlicts barwaen medical policy guidelines and spplicsbla contract languazs, the contract languaz:
previils. Madical policy is not intandad 10 ovamide the policy that defines the member's benefits. nor is it
intendad to dictate to providers how to practice medicine.

Policy Effective Date and Defined Terms.

The date of posting is not the srtive data of the Bolicy. The Dolicy is efetive 25 of the date datermined
by Health Net. All policies are subject to applicable legal and mgulstory mandstes and requirements for
prics notification, Ifthers is @ discrepancy between the policy ofctive date end logal mandates and
eulatory raqui , the raqui oflaw and razulation shall govem. * In soms statss, new o
revizad policies rquire pricr notice or posting on the website befire a policy is deemed sfciive. For
information regarding the efective dates of Policies, contact your provider represantative. The Policies do
not includs definitions. All tarms are dafinad by Haslth Nat. For information mesrding the definitions of
tarms used in the Policies, contact your provider represantative.

Policy Amendment without Notice.

Haalth Nat reserves the right to amend the Policies without notice to providers or Mamberz. In some
states, new or ravisad policies raquirs prior notice or website posting bafors an amendment is daemed
efictive.

No Medical Advice.
Th= Policies do ot constitute madical advice. Health Net does not provide or recommend trestment to
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Abstract -CT

Nesrcnavigation systems have become standerd nevrosurzical tool; however, thers
iz a major concem to be sclved. Brain shift occurs during surgary, which compromises
the system’s scourats i ion. Wa ped and evalvated 2
convenient new method for a rapid intraoparative comection of brain shift during
nevronavigation, We assessad four patients (4 Smales; mesn aze 61.0 yaars) that

2§ poral crani . Each voxsl of CT images in the
brzin parenchymas s analyzed a3 displacement vector using nevronavigstion system,
and 2 new fee-form deformation method was established among thase patisnts and
wverifiad in snother one. Tha shaps concordanca mate batwaen the sctual intraoparative
CT image and CT image, which was comectsd by our model, waz 75.1%. On the
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‘basis of nonlinesr geometric i that involve i

of snstomica] landmark positions, our model misht benssiil espacially in pterional
craniotomy, which is one of the most common spproaches emploved in nevrosurgery.
Future impx and fSorthar ion of patients” data will enabla our modal
10 b2 applisd o a varisty of surgeriss.

ADbbFEyEaminws T y; MEI: i Imaze

intrifduetigigation systems have become incraasingly
pepular and are now standard nevrceurgical tools. Howasvar,
akey challenge is that brain shift occurs during surgery, which
compromisas the system’s acevrate anatomical representation.
Since Kelly et al. [1] first reported the brain shift phenomenon,
many rasearchers have invastizated the casses of intraoperative
brain shift, and gravity has been identified as 2 major factor [2].
Intraoperative displacements of the brain surface are identifisd
with the aid of & suidance systems by ing the
position of surface marlcers during surgery with the position

shown in images acquired before surgery or after dural opening
T el B e s S i i Tt o
brain surface vsing focal points of microscope by laser beams

[2]. ané measuring the two-dimensional changes in brain surface
Wy g vadeo e [2]. Thewe approaches 31l focis o thi
motion of the brain surface. However, the functional significance
of iation fibers und: the i of d ini
and correcting tha displacamants of deap brain structuras

D d ion methods Al vsz sither
scans or models. Szveral
eroups have attemptad to develop an vltrasound-based
i i for the displ of desp brain

structures [5-9]. Such approaches have drawbacks such as poor

resolution 2nd only provide information about regions closz

to the exposed craniotomy fizld. Compensation methods also

employ & ive C d T shy (CT) [10-13]

and Magnetic Resonance Imaging (MEI) [14-21]. None of thess

methods have wide due to probl iated with

radiation exposurs, inaccuracy, costs, and time [22]. In contrast
i bi hanical hes to brain shift

rely on brain geometry [23-27]. Thase approachas also have

shortcomings. For exampls, the results could often be inaccurate

bacause tha brain is not a troe sphare, but rather a complicatad

three-di ional archi with lex internal

such as the cersbral falx and tentorivm.

Herz, we report a convenient new method rapidly correcting
registration errors and is based on intraoperative measurement of
the surface brain shift. Our approach may improve newrosurgical
outcomes by enabling surgeons to evaluate local brain functions

and nanral natwnrlcs mara pracissly

Cite this article: Suzuki K. Akiama ¥, Sugino T, Mitani T. Wanibuchi M, et al. (2014} A New Brain-Shift Model for Ne v with Fronto-Te i Cra-

ity JIM Newrvaurg Spine 2070 1040,

Central

MAteriAls And Methods

gubiebmal of 41 patients (20 males, 21 females; mean age 50.2
wears [range, 3-80]) who vnderwent navigation-assist=d open
nevrosurgery between October 2011 and September 2012, ware
assassed. Surgery was performed for brain tumor removal (n=
28), aneurysm clipping (n = §), callosotomy (n = 2), superficial
temporal artery—middle cerabral artery anastomeosiz (n =

2}, or epileptic focus resection (n = 1) (Table 1). All patients
were eligible for surzary on the basis of clinical and radiclogic

and Jiad with tha b, d aftar i

Mituni er ai. (2014)
Email:

surgntip dart and Hata sbqppisitun wers placed

in a posture suitable for surgery with the head rigidly fixed

in position with a Mayfield head holder. CT-compatible head
holders were usad (DORO-Haadrest System Radiolucent, Pro
Med Instruments GmbH, Freibure, Germany and MAYFIELD=
Cranial Stabilization Radiolucent Swvstems, Schasrer, Cincinnati,
TUSA). The brain surfaces were scannad vsing an optical three-
dimensional nevronavigation system (Kolibri, Brainlab, Munich,

) to ins the at a spatial resolution of

Memm % 10-mm % 10.mm Threa-dimansional visnalization

Page 2
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Iuations and lisd with the prot
informed consent. Four of thess patients vnderwent a fronto-

 after g

temporal craniotomy with the head rotated 8.6-27.0 desraes
to the contralateral side, which is ona of the most fraquently
used nevrosvreical approaches, and intraoperative CT scans
was performed. Data from these last four patients were usad to
develop the brain shift compensation model.

3 MR and CT scans. T1-
weighted MR imases (T1WIs) were acquired vsine a 3.0T SIGNA
HDx (GE Healtheare, Milwavkee, WI, USA) or Intera Achieva 3.0T
Quasar Dual (Philips Madical Systems, Best, The Netherlands)
scanner under the following conditions: 25-ms acho time, 2.2-

:....gn $ 1 ent

ms repetition time, 200-mm field of view, and 256 » 256 matrix.
The CT scans were acquirad using a Lisht Speed VCT 64 (GE
Haaltheara) or Brillianca CT 64 Powar (Philips Madical Svstems)
with a 1.0-mm slice thickness. The preoperative CT and MR

images were mergad on an image-processing workstation.

Intraoperative CT images were obtained using an Aquilion’
LB 16 scaner (Toshia Medical Bystera, Otawars, Japan) or ax
Xper CT in a Hybrid operating room (Philips Medical systams)
with a 1.0-mm slice thickness.

http:/fwebcache. googleusercontent. comfsearch? g=cache: gxaQWhPhel v jscimedeentral. com/Meurosurgery/neurasur
gery-2-1040 pdf+&cd=11&hl=endct=clnk&gl=us

10~mm % 10-mm * 10~ mm. Three-dimensional vissalization
2nd modeling software (Amira=, Visualization Sciences Group,
Mérisnac, France) was used to analyze the brain shift and te
erzate and output intraoperative imaging data. The softwars
R T s b
wvactors to the original images.

deteFminatity dfthe brgmashiftizplacement of the brain
surface, four reference points (RP:i=1, 2, 3, and 4) were
dstermined arbitrarily in the open surgical fisld immediatsty

after dural opening. The raferance points wars selected from the
blood vessel furcations and were the same maximum distance
from the center of the surgical fizld in order to represent the
entirs exposed area. The initial preoperative locations of the
RPafter dural opening were registered voing the positional
coordinate system (x. v, z) on the navigation system (Fizure 1A)
After completing microscope-assisted surgery, the nevrosurzzon

d the final ive 1 of the

points using the positional coordinate system (x. . z.") before
dnral elosnra (Figera TR) Tha hrain shift (8) was suhaamqently
caleulated using equation (1):

table 1: Patients ¢ all massnrd by systam,
2 pre mean by max by B
n navi ot Cranisl Sefzery: o=41 (20,gigp, 21 women); age, S0.050.5 time points to points (min)
Meaningioms L] L] L] o 13.3524.07 1512798 20471362
Gliema 16 16 16 L) 10.71 £+ 6.11 13.78 £ 8.87 2241+
Othar mmor= L] L] & n 1 46£347 1413 £31R 1662 £5R1
Ansurysm 3 B 8 4 TBT£3.64 12.72£6.96 1158664
EC-IC anas. 2 2 2 o 1288938 14.24 = 8.8 1215163
Epilapsy 3 3 3 o 9.67+238 1198 £3.07 108.7+40.7
anas: Ansstomosis
4 fations: navi: N ; pr= CT: Praop Computd Tt iCT: Computad T BS: Brsin Shif;
table 2: Patient underwent intrsoperativa CT.
patibnt AgelyifiBex BtalliGhsin cranibtbil PR rotatfbfl fids)
2 H“F Lt. IC-Anch An Lt F-T Supinz 181wk
3 6F Rt MCA An Rt. F-T Supine 270t L
4 ToF Rt IC-anch, Acom An Rt F-T Supine 140wl

Anterior Choroidal Artery; Acom: Anterior Communicating Artany;

Abbreviations: CT: Computsd tomeprephy; yro: Years; deg: Damvez; A

T5M Nsmrowueg Spine (51 1040 (2014)

t: Right; Lt: laft; F-T: Fronto-Temporal
Ancurpem; MCA: Middle Carebral Astery; IC: Intemal Carcbeal Astery; anch:
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TH= bgaj Ishi:(&{eum‘pu@?ﬂra}é(#aﬂt.hadditim:

the tima from th= opening to the closurs of the dura (fenestration

time) was measured on the basis of the recorded time of

of the

braificdefeehinpbaraied the cersbral surface and desp brain

tructur

d by izon of the pre- and intraoperative

CT measueaments of four patisnts wars vsed to develop 2 brain

afier 3 dural open
Figure 1 Mea:

£ (l=ft) and shortly bafore a dural closing (right). Landmarks wers
nts of the refrencs point positions using a navigstion ystem,

Ly

i et al. (2014)
Email:

zhift model for fronto-temporal eraniotomy (Tablz 2). This modal

provided displacement voctors for each voxel of the prooperative

CT image, thersby ing for the

craniotomy-induead brain shift in real time based on the marker

position data obtain=d using the navization system.
Below are the details of the procedurs used to create the
iz sbiifl moded (Tigme 2). Duning the fow Gonlu-legaoel

craniotomizs, CT seans and marker position data wars asquird

v by vsing the ization syst=m (Figuras 34 and
3B). Preoperative T1WI and CT images were overlaid via affine

, and brain hyma was § from pre- and

Page 3
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were dorumentad 54
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separatel
Figure 1 Alzorithm of this brsin shiff mods! Sr Sonto-tsmporal ¢

wodk, i wodk, 2nd ion of this study
I emoseg Spinn 21 1040 (2014 3/8
Page 4
Mitwni et al. (2014)
Email:
intraoperative €PkAkss (Fizures 3C and D). The function of 5
the aff X B - = o peonli ; 9.4 ) X ) [9D)] G)
be deseribed using the affine transformation matrix 4 in squation Tip dav: ha mcEl;ﬁe beggvn!hp global ragisteation
(2 vsing a 16 %58 » 16 or similar gridand improved the simulation
- (g Feeciion by incseasing the sumber of aitce cols. The

wheradiie 2 conatant gector.

Tlsing tha Fraa-Farm Naformation (FFTY) mathod,
displacements batween the intraoperative CT images of the four
patients who underwant fronto-temporal craniotomy acquired
shortly after dural opening and shortly before dural closurs wers
identifiad for sach voxel (dimensions: 1 mm » 1 mm » 1 mm)
(Figure 44). The brain parenchyma and ventricle are analyzed

and then . FFD employ

a deformation lattice superimpossd over an object, and the
control points of the lattice wers selacted and displaced to zlter
the surface of the enclosad object. The changes in the lattice

cell points were expressed as displacement vectors. Dividing 2
pezallelegripnnd defunzeelivn Lallive sncasing a (hres-dirmmsional
brain image horizontally, vertically, and longitudinally into 1 % m
= n parts of equal size gave (1) » (m+1) = (r+1) control points:

vnderwent a shift, the modsl vertex coordinate X (s, t, u) moved

e 2 :
B4 o ides 28 Suda v 23 2 AT S s Rl I en P

dizplacement vectors obtained from the four patients were
standardized by dividing by the mean shifts of the four referenca
points measured sarlisr. The standardized vectors of the four
patients were averaged and mapped to a spatially normalized
average human brain MR image template. Bacause right and left
pterional craniotomiss were performed in three and one of the
four patients, respectively, the vector data obtained from the left
pterional craniotomy were convertsd to fit the right pterional
approach for averaging purposes. Each vectors ereated from the
four pterional craniotomy patients were summed separately the
brain parenchyma and cerebral ventricles (Figure 4B).

To adjust for brain displacements during surzery, we
vpdated the precperative CT images by applying the prasent
brain shift model and patient-specific mean reference point
shifts (for 2 typical exampls, compars Figures 4C and 4D). In
our FFD approach, B-splines were usad to optimize grid point
interpolation.
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h Ganssian smoothing

4

crrelated with simultaneousty obisinad Computad Tomozrsphy

CT {axial dats; 3D)

4/8

filter for nois= f888F8n . During the smoothing procass, data
points wers averaged with their neizhboring points. In contrast
to a simple arithmetic mean of the surrovnding pixel valves,
the Gawssian filter took advantage of the Gavssian (normal)

Emaii:

statFetiels] weeelesdkiz=d vsing a r-tast at a two-tailed
siznificance level (p) of 0.05.

Mitwni er al (2014)
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distribution where closer points were assiznad a graater waisht.
Thic S S T o b s O i St
during surgery with respect to morphelogy by using the
normalized cross correlation method. In this study, the pre-filter
images wara aach dividad into a 200 » 200 % 150 grid containing
1.1mm x 1.1 mm » 1.3 mm cells. The areas sncompassing three
Rt e b ol et o Y el ki S
squarz 7 » 7 ragions centerad on the voxal to be evaluatad,

S ikl o e . The prbcaed E1 s

wars dbya ized cross ion with the

corrasponding intraoperative CT image for voxel intensity by
using 2 200 » 200 » 1350 grid containing 1.1mm * 1.1mm* 1.3
mm cells

Pl il el o Do s i OB o e
prarional approach easa (64 yrazr_old, famala). The applisd
CT images i by a lized cross

correlation with intraoperative CT.

results

KR AT ST i HifiFront 1

were characterized by a larger brain shift in the dorsal direction
than any other direction. The mean (= 3D brain shifts for cases
involving extirpation of t and gliomas (space-

occupyving lesions) was 13.4 (= 5.0) and 10.7 (= 6.1) mm,
respactivaly. By contrast, the mean (= 8D)) brain shift for cases of
cerebral ansurysm and epilepsy (non-space-occupying lesions)
was 7.9 (= 3.7) mm and 9.7 (= 2 4) mm, rsspectivaly (Table 1).
Thus, surgeries for space-occupying lesions vislded zreater brain
shifts than thoss for non—space-oecupying lesions, although the
differences were statistically insignificant (p = 0.106). For cases
of extirpated space-occupying lesions, the mean brain shift for
meningiomas and gliomas was not significantly different {mean =
3D; 13.4 =50 ws. 10.7 £ 6.1 mm, raspactively, p = 0.329). However,
a istically signi ion was observed between the
mean brain shift and fenestration time (r=0.343, p = 0.028).

Displacement vactors were determined B fur ptarional caniotomy patisnts by applying the fe=fiem defbrmation method to the intraoparative

ElE R R SRl e A SR G AR R I AT

i3 Lgtms data was shown in figure 4A. Each vectors

savaal voxel shiff batwaen pre-oparstion and post-oparstion Sr direction and magnitude. The magnituds of sach brain shif is shown by coler
‘Eradation qualitatively (4). Displacement vactors detectsd v the Hur patients ware averaged vonsl-wisz, and their mesn values &= displayed
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on a coler scale (4B). Preopentive computed tomogzraphy image of Patient No. 4 (4C) was comactad using the displacement vectors to pradict the

crniotomy-induced morphological change (4D). Displacement w

T5M Nerarovacs Sgine

ertors were computed considering the shifs of the fur reairence points.

5/8

Central

Pradictad CT image
Figure 5 Ancther ¢

A) is similar to actual intracparative CT image (SB).
= comectad by our brain shiff model

Analysis of the pairs of intraoperative CT images acquirad
at the beginning and end of 2ach craniotomy showsad that 2
region spanning from the exposed cortical surfacs to the cersbral
wentricle had the greatest shift in the direction of gravity. The
magnitudz of sach brain shift is shown by color gradation
qualitatively (Fizure 44).

braii shifeosrméctindisrlacamant vectors for the four patisnts
who underwent ional i by 3} Ly
semi-avtomatic FFD to the brain parenchyma and cersbral
vamibricles. These watlo were averasl for-sach vinel by develop
the standardized brain shift model (Figure 48). Motz specifically,
brain displacements wers daterminad by raning the FFD

method (se= Materials and Methods) in the semi-astomatic mode
in the Amira softwars. The datected displacements wers further
PSS [ RE L R g L L A

Mituni ot al. (2014)

Email:

intraoperative images are insufficient for this purposs since MRI

iz eostly and time- consuming, CT has low diagnostic sansitivity

and radiation risks, and ultrasound imaging has problems with
and ibility. I

do not provide aceurate compensation becanse of the brain's
complex three-dimensional structures,

Our results indicate that cranial operations that do not
involve space-oecupwing lesions generally result in smaller brain
shifts than doss cersbral surzery performed to remove space-
occupying lesions; however, the differences wers statistically
insignificant (Table 1). Further studies indicating volume of
tumors and rasectad brain should be conecernad.

To resolve brain shift we

CT data acquirad from actuval clinical eases and developed

2 pradictive model to correct for craniotomy-inducsd
morphological changes. The key featvre of our model is that
R Pt ki el hecioi ey R e o

swstem ars to vpdate

T srans in raal Hima Cancamantls ane avnarimantal modal

Page 6
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evaliht fl i 4CT imagss explained in the
di h was d in terms of voxel intensity to

that of the intraoperative CT images acquired shortly befors dural
closure. The overall rates of agreement between the pradicted
and actual intraoperative CT images were 71.0%, 71.3%, 46.4%,
and 87.2% for Patient Nos. 1, 2, 3, 4, respectivaly.

We also applisd our model, which was developed from thess
four patients’ data, to another fronto-temporal craniotomy
case (64 year-old, famale) whe had a frontal lobs glioma.
Intraoperative CT image and corractad preoperative CT image
were shown in Fizure 3. The rate of agreement between two
imags saries was 73.1%.

Obtaining the coordinate data only raquired 5 minutes, and

afterwards, the correction algorithm required 15 minutes to
compensate for the brain shift.

discTim giba most mathods that have been proposed for corracting
i data have involved the use of i i

imagss and'or non-linear grometric models. As praviously noted,

T3M Nerowueg Spin
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CT scans in real time. Consaquently, our experimental model

based on infe ion from real i v cases is an slak
zval of the i ion method becavse
it provides aceurate ion vsing navigation-basad
intraoperative data.

The time required for obtaining the reference points is 5
minutas at most, and the time for this alzorithm is 10-15 minutes.
1t is faster than MRI sequired 20-40 minutes [28] and CT required
20 minutes [28]. Our results sugsest that ovr method is rapid
enoush for practical applications. With our method, the operator
need not to be interfered with for ining the four
points i in ison to i MRI and CT.

Our study has several limitations. First, navigation svstem
srrors and imasing artifacts were presant sven throogh
intraoperative CT scans wera used to verify the accuracy of
our model. Lhersfore, the concordance rates of the real-time
intraoperative CT images and the reconstructed imagss from our
model did not reach 100%. Szcond, since our correction model
was developed using data from patients underzoing fronto-
temporal craniotomy patients, without practical validation, our
modal cannot ba genaralized to othar cranictomias. Thus, at
present, our model may only be applicatle for fronto-temporal

6/8

i , blieAtEals studiss of othar crani izs will rafing
the medel algorithm. Third, the present model was constructed
from four cases, and the brain deformation obsarved in one case,
case 3, was different from that observed in the other cases. Our
modsl was thus influenced by individual differences. The head
rotation on CT images acquired during surzsry also varisd among
all four cases (range, 8.6-27.0 dagres; Table 2) Remodaling vsing

thres cazes and excloding caz= 3 & d the d rats

to 85.2%, 83.1%, and 84.7%. We speculate that the inclusion of
more cases may raduce the influence of individual differences.
Currently, it is impractical and even impossible to creat= 2 model
that includes leakage of brain fluid, gravity, dural opening, and
cersbrospinal fluid volume 2s wall as other factors. Most modals

of brain shift incorporate only some of thess factors in a simplified
manner [23,23,26]. Althouzh our model does not specifically
consider individual factors that infl i ative brain

shift. their comulative affacts are considerad because the modal is

Mituni et al. (2014)

Email:
€. Jodicke A Dei V. Erbe I1. Kriete A Doker DI
thrzedi i 2n spproach to reaister brain
shift using idi i imame ing. Minim Ipvasive
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zhi

bazed on

their cumulative effects are considersd because the modal is
| change. The infl
of gravity on the brain differs, depending on the angls of head

rotation, and it is expectad that the brain elasticity also differs

s of ol

depending on direction. In addition, it is clear that the reduction
in brain volume differs depending on whether the surzery is

parformad to open cistams, such s with vascular disordars, or

to rasect neoplastic lasions. It may be possible to apply our modal
to other surgical procedures such as an open biopsy via fronto-
temporal craniotomy and a desp brain stimulation surgery. In
the future, it will be necessary to create other models for patients
with rotations, closs to the lateral or even prons position, for
axampls, and for brain tumors.

Although our model is not approved for clinical vse, and needs

to ba further refinad, it might be able to provide convenient and
d brain shift

for i i

vracies during

rapid rzal-time
that are the main cause of ina

W propose that, to improve our modzl for other applications,
especially for space-occupying lesions such as brain tumors, more

data from patients vndergoing brain surgery will be required.

AclEewiigzedbte thank M. Shigers Yonsyama, CEO
of Maxnet Co., Ltd., Tokye, Japan, for his support in image

manipulation and measurement.
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MISSION:BRAIN

Mission:BRAIN is a nonprofit organization comprised of neurosurgeons, medical device suppliers,
surgical nurses, and other volunteers dedicated to bringing surgical expertise, supplies, and educational
resources to patients, families, and healthcare providers in underserved areas throughout the world.
This video features a few of the amazing patients, students, and physicians who have made our mission
trips so incredible!

WATCH THE VIDEO

INTRAOPERATIVE CT AT JOHNS HOPKINS BAYVIEW

Johns Hopkins Bayview Medical Center is the first hospital in Maryland with a dual room intracperative
CT scanner and image-guided surgery system for neurosurgery. Having imaging capabilities in two of
our operating rooms has a positive effect on our patient outcomes by improving safety, decreasing
infections and lowering the risks of complications. The intraoperative CT (iCT) and image-guided
surgery system create unmatched surgical vision and precision, allowing surgeons to see things others
cant see during complex brain, spine and trauma surgeries.

© WATCH THE VIDEO

I WAS DIAGNOSED WITH A PITUITARY TUMOR... NOW WHAT?

Learn from Dr. Q, Surgical Director of the Pituitary Tumor Center at Johns Hopkins, what are the steps
to take after being diagnosed with a pituitary tumor.

© WATCH THE VIDEO

FOX 45 WITH TES SCANT.ON

Mrs. Maryland: Survivor

A brain tumor is a frightening thought for anyone. Mrs Maryland, Teresa Scanlon, knows this first hand

namd #allre nlth TOW o m ahod maleinmg anenmamnee

Fonts
from
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and talks with FOX45 about raising awareness.

© WATCH VIDEO

CNN HEALTH: FROM MIGRANT FARM WORKER TO SURGEON

Dr. Alfredo Quinones-Hinojosa tells CNIN's Dr. Sanjay Gupta about his journey out of poverty in
Mexicali, Mexico. The CNN crew follows Dr. @ into his Operating Foom and observes him removing a
life threatening brain tumor.

© WATCH THE VIDEO

AARP ON DR. Q AND FULFILLING THE AMERICAN DREAM

"Young students idolize him and some people even call him a savior. He may not be a celebrity or super
hero, but to the lives he touches he is a true source of hope and inspiration"

© WATCH THE VINFO

BRAIN SURGERY VIA EYELID

Sharon and her physicians, neurosurgeon Dr. Quinones and facial plastic surgeon, Dr. Boahene, share
how they removed a skull base meningioma tumor through her eyelid.

© WATCH THE VIDEO

CBS NEWS: THE AMAZING DR Q

"The last thing that I want is for people to think what I have done is justified," Dr @ says.
"The only thing I can do is try to pay back with every single thing I do."

© WATCH THE VIDEO
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*eila Parada

ABC: HOPKINS SHOW

The ABC crew follows Dr Q in the clinic for the famous 24/7 Hopkins Show that aired in 2008. This
show was the recipient of the prestigions Peabody Award.

© WATCH THE VIDEO

BRAIN CANCER RESEARCH FOR A CURE FOUNDATION

‘Watch Dr. Q talking about finding a cure for brain cancer

© WATCH THE VIDEO

NBC TODAY SHOW

watch Dr. ) in th NBC TODAY SHOW taking out a large meningioma

© WATCH THE VIDEO

PBES NOVA PROFILE: DR. QUINONES-HINOJOSA

He jumped the fence from Mexico to work as a farmhand and ended up a leading brain surgeon. In this
video, Dr. Q) performs an awake craniotomy on Donald Rottman.

© WATCH THE VIDEO

THE MUN2 HOOK UP

Dr Q takes voung intern, Keila Parada, on a journey through John's Hopkins Medical Center and intoa
difficult and dangerous brain surgery. Dr Q is taking out a dangerous large pituitary tumor witha
transsphenoidal approach.

© WATCH THE VIDEO
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W WAICH IHE VIDED

ARC HOPKTINS SHOW - DR BATAMGARTEN

Dr Quinones does an awake craniotomy on professor Baumgarten. After sending a piece of tissue to
pathology, Dr Q has a good news for the family of the patient.

© WATCH THE VIDEO

Video Category: Interviews

BRAINFACTS.ORG

Dr @ is one of 579 scholars to take part in the Neuroscicnee Scholars Program (NSP), a carcer
development and diversity program sponsored by the Society for Neuroscience and funded by the
National Institute of Neurological Diseases and Stroke. His NSP interview is being featured on a new
public neuroscience website.

© WATCH THE VIDEO

WBALTYV: JOHN PETROVICK

John Petrovick recently died. John was a law school student and marathon runner who fought brain
cancer for the past four years. He was an inspiration to all of us and especially to Dr. Quinones.
Dr. Q. explains how John inspired him to start rmnning races.

© WATCH THE INTERVIEW

EL MIONTE CITY SCHOOL DISTRICT

Dr Q shares the story of how he "became Dr Q" and provides many advises for young and ambitious

ctudante
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L

ATE OVER AMNESTY
LEGAL IMMIGRANTS

ALFREDO GUINGALS KNG,
‘Schumiclek & Soveen Oparative Wesroargical chieigees, 62h Edtloa
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students.

© WATCH THE VIDEO

BEYOND THE DREANM: CHANGING THE CONVERSATION ABOUT IMMIGRATION

can we retrame the conversation in a way that produces a better result? Can we take the 1ssue back from
the moralists and maximalists who now dominate the debate and jumpstart a new, hardheaded effort to
craft a realistic fix? Dr Q shares his views on immigration in the USA.

© WATCH THE VIDEO

FOX NEWS

In the midst of political debates over immigration laws, Dr Q shares his story and how he went from
undocumented migrant farm worker to citizen.

© WATCH THE VIDEO

ELSEVIER AUTHOR AT CNS 2011

Dr. Alfredo Quifiones-Hinojosa sits down with Elsevier to discuss his most recent publication. He is the
lead editor for the upcoming edition of Schmidek and Sweet's Operative Neurosurgical Techniques, the
world's preeminent encyclopedia of neurosurgery.”

© WATCH THE FULL INTERVIEW

TIINK DIG: A TORUM WIICRE TOP EXPLRTS CXPLORE TIIE BIG IDEAS AND CORL
Fonts
from

SKILLS DEFINING THE 215T CENTURY

In seven short videos, Dr Q talks about the following topies:
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10 sevell SN0 VIUeos, DG LWiks dUOUL We 10NOWINE Lopies;
~ - Balancing Work & Family When It's a Matter of Life & Death
- Advice for Future Doctors and Scientists
- The Mental Game: Preparing for Brain Surgery
- From Sci-Fi to Sci-Fact: Dr. (7 on the Frontiers of Neuroscience
- Understanding the Brain: From the O.E. to the Lab
- Dr. Q on What Made Him Who He Is
- From Migrant Worker to Brain Surgeon: Dr. Q on Growing Up

T / ’ .

© WATCH ALL SEVEN VIDEDS

PBS: TAVIS SMILEY

Dr Q and Tavis Smiley talk about immigration reform and about Dr Q's new book.

© WATCH THE VIDEO

SPANISH INTERVIEW OF DR. Q (W/ ENGLISH SUBTITLES)

Dr QQ is featured in a documentary about successful Hispanic immigrants in the USA.

© WATCH THE VIDEO

ABC NEWS

David Puente asks Dr Q whether cell phones can cause brain tumors? Dr Q shares his opinion on the
topic along with some advice.

© WAICH IHE VIDEU

L&
WORLD VIEW: EXCLU.
USA: CELL PHONES & TU 2

PBES: ONE ON ONE WITH MARIA HINOJOSA




http:/doctorgmd. com/mediafvidens! 02/27/2015 04:43.59 P

"When and why did you decide to come to the USA? What was your perception of this country as you
were voung?"
Dr Q answers those questions and many more in this one on one interview.

© WATCH THE VIDEO

CSPAN: "BECOMING DR. Q."

Our guest is Dr. Alredo Quinones-Hinojosa, author of "Becoming Dr. Q: My Journey from Migrant
‘Worker to Brain Surgeon." The memoir details how he went from a young illegal farm worker to become
a brain surgeon at Johns Hopkins University Hospital in Baltimore, Maryland.

© WATCH THE FULL INTERVIEW

NBC: WBAL TV

John Petrovick and Dr Q are training together for the Baltimore Half-Marathon. Their story and unique
relationship was recently featured on WBAL TV.

© WATCH THE VIDEO

2011 SFN

Dr Q talks about his work for the 30 year of the Neuroscience Scholars Program (NSP)

Atrago Quincews-Hinojosa, MD © WATCH THE VIDEO
R D oo
BRI

O

!' - INTIMETV: INSIGHTS INTO MEDICINE

IN@TV NS
Infimal¥.com InTimeT}
N8V I8 Tv host show, Ogan Gurel, discusses with Dr Q the advances in Neuro-oncology, and more specifically

melV.com lafimeJ¥|

NSV INE the ficld of Stem Cell therapy o @

© FIND THE VIDEO
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IBIOMAGAZINE: HOW I BECAME A SCIENTIST

Dr Q tells us what drew him to medicine and science.

© WATCH THE VIDEO

VOXXI INTERVIEW - 2011

Dr Q talks about the hispanic population in the USA, and gives some advice to younger generations.

© WATCH THE VIDEO

Video Category: Lectures and Presentations

Operating Room: an extension

m BRAIN SCIENCE INSTITUTE - DR QUINONES LECTURE

"Catch me if you Can™: Studying Brain Tumor Migration From the Operating Room to the Laboratory

© WATCH THE VIDEO
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SOCIETY FOR BRAIN MAPPING AND THERAPEUTICS

Tracking Stem Cells in brain tumor: Challenges and Prospects

© WATCH THE VIDEO

VYCOR MEDICAL'S VIEWSITE™ BRAIN ACCESS SYSTEM (VBAS)

Dr. Quinones-Hinojosa, M.D., one of Johns Hopkins Bayview Medical Center's top neurosurgeons,
discusses how he has utilized Vycor Medical's Viewsite™ Brain Access System (VBAS) during
neurosurgery. He spoke at the 2010 American Academy of Neurological Surgeons (AANS) Conference

in Philadelphia

© WATCH THE VIDEO

HARVARD MEDICAL SCHOOL: COMMENCEMENT SPEECH

Doctor () gives the commencement speech for his graduating class of 19gg.

© WATCH THE VIDEO

RHODA GOLDMAN HEALTH LECTURE: DR. ALFREDO QUINONES-HINOJOSA AT UC

BERKELEY

Dr Q is the main speaker at the 1oth annual Rhoda Goldman Health lecture. He talks about his journey

as an immigrant and gives some advice to college students at UC Berkeley. oo
from

© WATCH THE VIDEO

AMSA/UC DAVIS - KEYNOTE SPEAKER 2011
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AMSA/ UC DAVIS - KEYNOTE SPEAKEK 2011

One week before running the half-marathon, Dr Q tells his story and the story of an incredible patient of
his - John Petrovick.

© WATCH THE VIDEO

SOUTHERN VERMONT COLLEGE: COMMENCEMENT SPEECH

Dr Q is the recipient of an honorary degree from Southern Vermont College. He shares with graduating
college students his life experiences, and many advices he received from patients, mentors and family.

© WATCH THE VIDEO

DISTINGUISHED MARINE BIOLOGICAL LABORATORY FRIDAY NIGHT LECTURE

See Dr. @ giving the Distinguished Marine Biological Laboratory Friday Night Lecture: The Joe L.
Martinez, Jr. & James G. Townsel Endowed Lectureship

"Bridging the Gap in the Fight Against Cancer: From the Operating Room to the Laboratory”
Alfredo Quifiones-Hinojosa, The Johns Hopkins University

© WATCH THE VIDEO

PFEIFFER VISITING PROFESSORS AT STANFORD MEDICAL SCHOOL

See Dr. (@ giving the Distinguished Pfeiffer Visiting Professors at Stanford Medical School

“The Creative Brain: Imagination and Knowledge”

© WATCH THE VIDEO

Fonts @
© WATCH PREVIOUS PFEIFFER VISITING PROFESSORS from

JOHNS HOPKINS MEDICINE GRAND ROUNDS

See Dr O and Dr Mathioudakis review the state of the art manasement of pituitarv tumors featuring a
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Dr. Qs Story
Buuks

Spotlight
GetInvolved

What We Do

The Team

Patient Resources
The Blog

See Ur Q and Ur Mathiondakis review the state of the art management of priutary tumors reaturimg a
special Q&A session with a patient diagnosed and treated for Cushing's disease.

© WATCH THE VIDEO

IBIOSEMINAR PARTI1: BRAIN TUMORS

Dr Q gives a lecture about brain tumors, the history of their surgical managements, and many other
things.

© WATCH THE VIDEO

IBIOSEMINAR PART 2: STEM CELLS AND BRAIN TUMORS

Dr Q gives a lecture about science behind brain tumors, some of the current research his lab is
conducting, and many other things.

Contact Info Sign Up For Mews > Contact Information
Alledu Quifivnes-Hinujusa

Johns Hopkins Bayview Medical Center

301 Mason Lord Drive / 2nd Floor ™
Baltimore, Maryland 21224-2750 faCEbOOk You Tu h e
Office (410)0RR0-33R7

Fax (410)550-0748
Email: drg@jhmi.edu

Dr. @ and the Dr. @ Team @ 2015 All Rights Reserved
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Abstract

The main goal in meningioma surgery is to achieve complete tumor removal, when possible, while improving
or preserving patient neurological functions. Intraoperative imaging guidance is one fundamental tool for such
achievement. In this regard, intra-operative ultrasound (ioUS) is a reliable solution to obtain real-time
information during surgery and it has been applied in many different aspect of neurosurgery. In the last years,
different ioUS modalities have been described: B-mode, Fusion Imaging with pre-operative acquired MRI,
Doppler, contrast enhanced ultrasound (CEUS), and elastosonography. In this paper, we present our US based
multimodal approach in meningioma surgerv. We describe all the most relevant ioUS modalities and their
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Special Issue Guidelines

MUTIMoaal approach 1M menngioma surgery. We gescrive all e mosT relevant 10Us Mmoaalues ana meir
intraoperative application to obtain precise and specific information regarding the lesion for a tailored
approach in meningioma surgery. For each modality, we perform a review of the literature accompanied by a
pictorial essay based on our routinely use of ioUS for meningioma resection.

Main goal of meningioma surgery is to obtain the complete tumor resection in order to reduce the recurrence
rate but preserve or improve the patient’s neurological functions [1, 2]. In many cases, this is a difficult
achievement, because of the risk of damages to arteries, sinuses, cranial nerves or other neighbors relevant
structures. Surgical morbidity and mortality are mainly related to tumor location and volume [3].

Image Guided Surgery. It represents the gold standard technique in order to correctly perform the surgical
planning, facilitate tumor removal, identify relevant neurovascular structures, and maximize the safety and
degree of excision [4, 5].

The more commonly available and routinely used tools for intraoperative image guidance are the

neuronavigation systems (NNs), which are based on preoperative imaging. NN is an excellent tool for surgical
planning and identification of the lesion and the surrounding vital structures but suffers from major

limitations. Being based on preoperative acquired images, it does not take into account intraoperative changes
due to tumor resection, brain shift, and brain deformation [6—9].

Intraoperative Imaging. To overcome the limitations of NN based on preoperative imaging, recently it has been
proposed to use intraoperative imaging for meningioma surgerv: MRI (iMRI). CT (iCT). US (ioUS). and also
fluorescent imaging (5-ALA) [10-12].

Soleman et al. have studied if the iMRI could contribute to more extensive surgical resection in complex
meningiomas located at the skull base or near eloquent brain areas [11]. In his work, the author presents a
series of 27 patients operated on for complex meningioma resection nsing iMRT; 1 patient died from a fatal
postoperative bleeding that was not perceived in iMRI, and 1 patient underwent resection of tumor remnant
after iMRI without improvement of the Simpson resection grade. Moreover, the mean duration of the surgical
procedure was 449.3 min with pre- and postresection iMRI mean scan times of 22.5min and 18.5min,
respectively. The author concluded that iMRI has no relevance on intraoperative approach in meningioma
surgery neither for resection grade nor for detection of early postoperative complications.

Uhl et al. have investigated the feasibility of using iCT in brain and spine surgery [12]. In his series, the author
describes 34 cases of intracranial meningiomas with a change in surgery in 3 cases in which tumor resection
was insufficient. The mean interruption of surgery was 10 to 15 minutes.

Anvhow, both of these techniques cannot be defined as “real-time.” After scan acquisition, the images
represent the reality but proceeding with surgery, again, the static intraoperative acquired images became
insufficient. Moreover, it is not possible to operate directly under iMRI or iCT control; the images have to be
downloaded in the NN system to use a navigated instrument or a pointer. Finally, it is mandatory to consider
the cost of an iMRI or an iCT device in money and more importantly in time.

On the other hand, it is necessary to mention the numerous positive aspects of iMRI and iCT [12—15]. Indeed,
iMRI provides a detailed multiplanar representation of surgical anatomy on the three canonical orthogonal
planes: axial sacittal and coronal [13—151. In routine vractice. neurosureeons are accustomed to these imaces
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planes: axial, sagittal, and coronal [15—15]. In routine practice, neUrosurgeons are accustomed to these images
and this permits a rapid understanding of anatomic structures and targeted lesions. Moreover, iMRI allows
acquiring images weighted in different modalities to obtain both anatomical information such as with T1, T2,
or FLAIR weighted images and functional information such as with angio-MRI and diffusion weighted and
diffusion tensor images

iCT has achieved a relevant spatial resolution (0.4 to 0.6mm) that exceeds the majority of iMRI system
without the need for major changes of the operating-room work flow. It makes possible to reconstruct the
intra-operative acquired volumetric images in order to obtain multiplanar representations, rendering of volume
or surface, analysis of perfusion pattern and also to study the vascular district with an angio iCT secan [12].

Lastly, both iCT and iMRI allow performing a scan of the patient at the end of the surgery. This feature permits
assessing the presence of complication shortly after its occurrence and avoiding the necessity for a scan in a
second time or a potential second operation [12, 13].

Recently, Cornelius et al | has studied the impact of 5-aminolevulinic acid (5-ALA) in meningioma surgery
[10]. His series comprised 19 WHO grade I, 8 grade II, and 4 grade III tumors, in which 94% of the tumors
presented positive fluorescence. The author observed that 5-ALA improve the extent of resection in 3/16 of
grade I and 6/8 of grade II/TII meningiomas but the analysis of the impact of 5-ALA on improving the Simpson
grade showed no benefit. Furthermore, although 5-ALA showed residual tumor presence in some cases,
further surgical resection was not possible to achieve. Another interesting consideration is that 5-ALA is
helpful especially in high-grade meningiomas to visualize tumor tissue infiltrating the parenchyma.

Fluorescent Guided Surgery (FGS) with 5-ALA brings a completely different approach respect to image
guided surgery. FGS permits identifying tumor tissue with great specificity but only on the surface of the
surgical cavity; to classify an area as 5-ALA positive, it is necessary to expose it in order to evaluate in blue-
light. In other words, 5-ALA does not permit obtaining a complete overview of tumor morphology and
relationships.

Intraoperative Ultrasound. First description of intraoperative application of US in neurosurgery was in 1978
with Reid [16]. Later on, during the 1980s, a lot of neurosurgical applications were reported. Rubin and
Dohrmann were the first to recognize that ioUS could be used to localize intracranial masses with great
accuracy and to direct surgical resection [17]. Over the years, numerous neurosurgical uses have been
described, mainly for localization of brain and spinal cord lesions but also to direct surgical resection or
catheter placement [18—22]. Other applications include Doppler studies in vascular malformations, control for
aspiration of central nervous system abscess, and evaluation of posterior fossa decompression in Chiari I
malformation [23, 24]. IoUS is particularly indicated in neurosurgery because of two specific features that
permit to acquire superb images. Mainly the brain’s viscoelastic characteristic permits excellent US waves
propagation [25]; moreover, the signal is not distorted by interposed tissue like skin and subcutaneous
connective.

The major benefit of ioUS is that it is truly real-time [26] and it nowadays reached an excellent temporal and
spatial resolution. It shows the real anatomic scenario during all surgery, influencing surgical strategy and, in
specific conditions, permitting operating under direct guidance. Another point of value is the great amount of
information that is possible to obtain using different ioUS technique, as described below. Moreover, ioUS is
relatively cheap if compared with other intraoperative imaging modality like iCT or iMRI. Common US
scanners are sufficient to be used in neurosurgery. The only attention regards the probe that has to be specific.
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Today, the most used are variable band linearuprébe with oi)erating bandwidth of 11-3 MHz, in order to study
both superficial (high frequency) and deeper structures (low frequency) [23].

On the other hand, there are some restrictions linked to ioUS, notably a steep learning curve and operator
dependency [24].

The purpose of our studv is to review the applications of intraoperative ultrasonography (ioUS) during
meningioma surgery, highlighting intraoperative ultrasonographic findings of these lesions. Furthermore we
want to emphasize the multiple technical features offered by ioUS and their possible application and impact in
meningioma surgery, based on our experience gathered over a 5-year period at our institution and evaluating
the current literature in regards.

Last generation standard US portable devices equipped with linear multifrequency (3—-11 MHz) probe for deep
seated lesion or high frequency (10—22 MHz) for small superficial lesions are usually used.

At our institution, we use a last generation US device (MyLab, Esaote, taly) with an integrated fusion imaging
system that allows for virtual navigation (MedCom GmbH, Germany) with which we are able to perform
different surgical steps using one device:

(i) surgical planning;

(ii) real-time fusion imaging between ioUS and preoperative MRI;

(iif) craniotomy placement;

(iv) transdural lesion evaluation in B-mode;

(v) recognition of perilesional anatomical landmarks;

(vi) Doppler imaging (echo color Doppler, power Doppler, and spectral Doppler);

(vii) contrast enhanced ultrasound (CEUS) for vessels recognition and tumor perfusion;
(viii) elastosonography to assess tissue elasticity;

(ix) intraoperative resection control;

(x) brain shift/deformation correction.

After the craniotomy has been performed, the probe is wrapped in a plastic sterile sheath, coupled with sterile
ultrasonic compatible gel. Transdural insonation is started and the surgical field is irrigated with sterile saline
solution, in order to avoid air or blood clots between the dura and the transducer. In case of convexity
meningioma, the bleeding dura is often coagulated, devascularizing the lesion, partially modifving the findings
in regard of the perfusional evaluation with Doppler and CEUS. The lesion is then evaluated on both axis and
surrounding structures and standard anatomical landmarks (dural structures, ventricles, choroid plexuses, and
arachnoidal folds) are identified. The fusion imaging system, displaying simultaneously real-time ioUS and
preoperative MRI, provides an excellent support when interpreting ultrasound imaging and for orientation.
Tumor margins and presence of cystic areas or calcifications are evaluated in standard B-mode. Arterial
supply, venous drainage, and tumor perfusion are evaluated with different Doppler modalities, as explained
below, facilitating the surgical strategy.

A further development in vessels visualization is represented by intraoperative contrast enhanced ultrasound
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(CEUS), performed injecting intravenously ultrasound contrast a‘gent (UCA) that is made visible by a dedicated
algorithm (CnTI). Microbubbles, the size of a red blood cell, are a purely intravascular contrast agent and allow
for a real-time intraoperative angiosonography and for a perfusion evaluation.

Further information regarding both tumoral and cerebral tissue characterization is obtained using
elastosonograhy, which gives information on the tissue elasticity by associating different chromatic patterns
to corresponding tissue elasticity response.

ioUS, an easily repeatable examination, and multiple B-mode scan are performed during tumor debulking,
assessing constantly the thickness of the remaining lesion. Virtual navigation, as described in other papers
from our group [27, 28], allows also to compensate the brain shift, retraction, and deformation, always
maintaining and showing correct orientation, allowing optimal interpretation of ioUS imaging.

After tumor resection has been performed, the cavity is evaluated with navigated B-mode US, and checking
eventual residual tumor, evaluating the degree of potential tissue damages and Doppler/CEUS are performed to
check vessels integrity.

The B-mode or brightness mode represents the classical method to acquire an US scan. It is literally an US-
tomography, which depicts the section of a structure using a grav scale codification (Figure 1). Every image is
constructed converting the intensity of each ecowave reflected from the tissue in a dot on the screen; dot
brightness is proportional to the intensity of the ecowave. A B-mode image is evaluated comparing the
brightness of the eco of normal tissue to which of tissue in exam Three situations are possible:
hyperechogenicity, hypoechogenicity, and isoechongenicity. Cerebral structures do have different echographic
features: choroid plexus, vessels walls, arachnoid, ependyma, skull, dural structures, most tumors and their
margins are usually hyperechogenic. Ventricles, cerebrospinal fluid, some tumors are hypoechogenic. White
matter, gray matter (tend to be hyperechogenic if compared to white matter), and some tumors appear
isoechogenic.

Figure 1: ioUS B-mode scan of a parasagittal meningioma. The lesion (M) appears
hyperechoic with a granular aspect and the calcifications are distinctly wvisible.
Tumor/brain interface is recognizable (arrowhead). Relationships with falx cerebri and
superior sagittal sinus are evident (asterisks).

Many authors have described the application of B-mode ioUS in oncological neurosurgery [20, 29-35].
During tumor removal, B-mode ioUS helps in two tasks: (1) tumor identification and (2) resection control. At
the beginning of surgery, a B-mode scan permits localizing the lesion and then planning the surgical trajectory
avoiding damage to vital structures. During the resection, repeated B-mode scans lead to understanding if
remnant tumor tissue is present, where it is, and to estimate its entity [36]. These considerations are mainly
true for those tumors that appear hyperechoic by comparison with surrounding brain, for example, metastases,
high-grade gliomas, lymphoma, and, in particular, meningiomas [37-39].

Meningiomas usually appear hyperechoic, compared to normal brain parenchyma_ with a homogeneous pattern
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and a granular aspect probably due to psammotnatous bodies and fine trabeculature (WHO I-II) or with
numerous hypoechoic areas of necrotic degeneration (WHO III) [39, 40] (Figures 1, 2, and 4). Calcifications
are also observed within the lesion. Tumor margins are usually well depicted even though sometimes
edematous brain parenchyma is hyperechoic, and tumor borders may be blurred in case of arachnoidal plane
disruption. In some cases, peritumoral vasogenic edema helps in a better delineation of meningiomas
boundaries and interfaces by lowering the surrounding brain echogenicity [20].

Figure 2: US system screenshot. In the upper panel on the left a standard real-time ioUS B-
mode image is displayed; on the right, the corresponding preoperative MRI is fused with
real-time ioUS B-mode. In the lower the three standard orthogonal planes (sagittal,
coronal, and axial) and the insonation plane panel are displayed.

The lesion is generally explored on the two main axes and measured, and neighbors surrounding structures are
examined looking for anatomical landmarks for orientation during surgery. Dural relationships are also taken
into account to plan the surgical strategy, especially for lesions in close relation with dural sinuses (Figure 1).
After a first morphological evaluation, the lesion is further evaluated with other US modalities as described
below. Another notable feature of B-mode is that, being a tomography, a B-mode image permits to study all
the tumors margins and relationships also in depth (Figures 1, 2, and 4). Because of the ratio between
echogenicity of meningioma and echogenicity of brain parenchyma, during the surgery the tumor tissue
remains visible permitting to tackle also the smallest remnant. Multiple B-mode scans are performed during
tumor debulking to evaluate the remaining capsule, in order not to trespass it causing damage to surrounding
brain parcnchyma and to cvaluate complete rescetion, when achicvable.

Surely this ioUS modality is not free from negative aspects. At the beginning, it is not user-friendly, in
particular because neurosurgeons are accustomed to the three orthogonal planes of MRI and CT (axial, sagittal,
and coronal) (Figure 2). Instead, US planes are consequences of probe positioning and this leads to a
consistent diflicully in figuring vul the spalial orientalion of B-mode images. Il musl be noticed (hal the sleep
learning curve of ioUS is related also to the necessity to know the semeiotics of various phenomena that occur
during surgery and influence ioUS images. All along meningioma removal it is possible to study the entity of
the remnant in order to obtain a complete excision. However, with surgery progression, the surgical cavity
became covered by blood clot and the surrounding parenchyma could be damaged by the surgical maneuvers
becoming edematous; all these aspects have to be known in order to correctly assess the removal degree [36].

Another limitation is the B-mode inability to accurately depict tumor relationships with vessels (in particular
the smaller) and tumor perfusion pattern. Finally ioUS cannot be used to plan craniotomy because of bone-
shielding (Figure 3). For all these reasons B-mode imaging is extremely hard to use and understand alone, in
particular when the operator has only a modest experience in ioUS. To overcome this limitation it is helpful to
use various ioUS modalities, such as fusion imaging, CEUS, and Doppler. Through the multimodal ioUS study
an unexperienced user can better understand each modality. Getting more and more used to ioUS as a qualified
sonographer he can obtain numerous additional information from each modality.

Figure 3: Craniotomy planning. In this screenshot, the pointer position is represented in
three reconstructions of preoperative MRI. Using this feature, it is possible to plan the
craniotomy site. In the lower-right box is visualized real-time ioUS that does not give any
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information because of bone shi_elding.

Figure 4: Brain shift correction. Every time a misalignment of ioUS and corresponding
preoperative MRI (brain-shift) is appreciable, it is possible to realign the images in order
to regain the system accuracy. In the upper panel, a misalignment in visible trough the
fusion imaging. In the lower panel, the shift is fixed. In the right boxes, preoperative MRI
are displayed.

On this premises, in our framework, standard B-mode imaging is only the first US applied modality when
evaluating the lesion. Fusion imaging with preoperative MRI and the other techniques are described below.

Neuronavigation (NN) is a computational process that associates a real spatial position (in the surgical field)
to a virtual spatial position (preoperative imaging study) [41]. Associating this feature to an ioUS scanner, it is
possible to fuse the real-time ioUS image to the corresponding reconstructed plane of preoperative MRI in a
coplanar fashion [2&, 42—46]. In the neurosurgical field, this is extremely relevant for several aspects. Through
the use of navigated ioUS probe, it is possible to localize the lesion and to plan the craniotomy going beyond
the limitation of US bone shielding [27, 28] (Figure 3). One main limitation of US is the difficulty in spatial
orientation that largely is due to the different planes of US images if compared to the traditional orthogonal
planes of MRI; moreover, US is not panoramic like MRI. Navigated ioUS displays on the screen the US image
with the corresponding MRI: this continuous comparison leads to a better understanding of US image and of
its orientation (Figure 2).

As stated before, NN system suffers from brain-shift and tissue distortion. Through the use of a Navigated
ioUS system, it is possible to correct these errors several time during surgery, always obtaining the best
accuracy possible [28] (Figure 4).

In meningioma surgery, all these positive aspects of navigated ioUS are extremely attractive. In complex
meningiomas, which have close relationships with vessels or other vital structures, the comparison with
preoperative MRI permits to better understand the surgical anatomy, avoiding unintentional damages [38].
Regarding brain-shift phenomena, it was demonstrated that meningioma surgery causes the highest level of
brain deformation/shift leading to a premature loss of accuracy of the neuronavigation system [6]. In this
setting, the possibility to correct brain-shift for all the surgery is particularly relevant.

In matter of limitations of navigated ioUS, it must be considered that the enrichment of information obtainable
by comparison wilh MRI is based on a preoperalive acquired image. For (his reason, il is impossible (o
represent the real situation of surgical field. Moreover, it is impossible to perform biological study as
quantification of flow entity and direction in a vessel or to obtain information about tumor perfusion, stiffness,
or changed relationships.

In our experience, fusion imaging proved to be accurate [27, 28]; it allows to correctly place the craniotomy
and provides better image interpretation and orientation (Figures 2 and 3). Brain shift/deformation correction
is performed on a routine basis to maintain the proper alignment for better orientation and understanding of
US imaging (Figure 4). It can also be coupled with each of the US modality described in the paper.
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The Doppler effect or Doppler shift is a physics phenomenon consisting in change of frequency and
wavelength of a mechanical wave that is reflected from a moving object. Doppler US through a Fourier
transform evaluates the change in frequency of a US wave when it is reflected from flowing blood in order to
reconstruct an image. In general, Doppler imaging can be used to study three aspects of a vessel: presence or
absence of flow and direction and velocity of flow. The principal limitation is the dependency from the angle
of insonation; if the angle approaches 90° (probe perpendicular to the vessel), Doppler signal is significantly
decreased until it disappears, vice versa the signal increases when the plane of insonation is parallel to the
vessel [47].

Three main techniques exist for Doppler imaging: Color Doppler, spectral Doppler, and Power Doppler.

Color Doppler allows identifying the presence and the direction of flow in vessels in a B-mode image, in
which the operator place a color box, that correspond to the region scanned to acquire Doppler signal. In the
color box, it is possible to observe flow direction and velocity trough an encoded color scale. Conventionally,
blue indicates flow away from the probe and red flow towards the probe [47] (Figure 5).

Figure 5. Duppler imaging. In the upper panel, power Doppler scan depicls Lhe
relationship between tumor and middle cerebral artery; this technique is less sensible to
insonation angle but cannot represent flow direction and velocity. In the lower panel, color
Doppler and spectral Doppler bring information about flow direction and velocity with
quantification of the velocity through spectral Doppler. In the right boxes, fusion imaging
between ioUS Doppler scan and corresponding preoperative MRI is displayed.

Power Doppler or Doppler angiography is a technique that represents on a B-mode image only the magnitude
of Doppler signal rather than velocity and direction. In other words, it displavs the amplitude of red blood cells
present in an area. Power Doppler uses a single color scale in which the increase in brightness corresponds to
an increase in signal strength [47] (Figure 5).

Spectral Doppler is usually combined with B-mode and color Doppler technique and permits evaluating flow

velocity in the sample volume (selected area in B-mode image). Usually, after having set the volume sample, B-
mode and color Doppler are frozen, in order to improve frame rate analysis, achieving a more precise

measurement. Spectral Doppler produces an analysis graph, with time on horizontal axis and velocity on

vertical axis. The brightness of the spectral trace represents the backscattered power of Doppler signal at each
velocity [47] (Figure 5).

Each of these Doppler techniques has proper advantages and limitations.

Color Doppler gives an overview about presence of flow and shows flow direction in a selected region. On the
other hand, it suffers from angle dependency, it is subject to aliasing and has low temporal resolution because
of low frame rate due to the necessity of several scan to obtain a reliable estimation of flow veloeity [47].

Power Doppler is more sensitive to low flow vessels permitting to study tumor perfusion; moreover, it is not
subject to angle dependency and does not need a sampling technique. Its main limitations are the impossibility
to show flow direction and velocity, and it suffers from very poor temporal resolution because it needs a high
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degree of frame averaging and for this reason it is very sensitive to probe motion [47].

Spectral Doppler has an exceptional temporal resolution giving a precise estimation of flow during all the
cardiac cycle but it is angle dependent and does not give anatomical information [47].

Numerous studies have investigated the utility of intraoperative Doppler imaging for vascular and neoplastic
lesions in neurosurgery [38, 48-54].

In particular, Solheim, in 2009, studied the application of power Doppler in meningioma surgery [38]. The
author concludes that in most cases power Doppler could be useful in visualizing feeding arteries and
neighbors vital vessels leading to a rapid and safe intracapsular tumor resection minimizing the risk of damage
to important vascular structures. Anyway, he underlines that this technique is limited by the difficulty to study
low-flow vessels and by the blooming artifact that tends to overestimate the smaller vessels.

Otsuki, in 2001, described one case of petroclivotentorial meningioma studied with various ioUS technique
among which color Doppler [55]. He emphasizes the limitation of blooming artifacts that make Doppler signal
to overwrite vessel walls bringing incorrect information.

Our findings are consistent with those from the literature (Figure 5).

Ultrasound contrast agents (UCA) are purely intravascular contrast agents, generally used in to evaluate organ
or lesion perfusion and vessel anatomy [56]. In 2000 the initial studies regarding the use of first generation
UCA in liver US were published [56, 57]. Two years later, sulphur hexafluoride (SonoVue, Bracco, Milan)
introduced the concept of real-time low mechanical index (MI) contrast enhanced US (CEUS), allowing for a
continuous imaging [58].

Three types of UCA are approved in Europe today:

(i) Levovisl (air wilh a galaclose/palmilic acid surfaclanl) (Schering, inlroduced in 1996),
(ii) Optison (octafluoropropane with an albumin shell) (Amersham, introduced in 1998),
(iii) SonoVue (sulfur hexafluoride with a phospholipid shell) (Bracco, introduced in 2001).

In general UCA has a microbubble (MB) structure (gas stabilized by a shell) and behaves as a purely
intravascular agent. For this reason, UCAs are used to visualize blood flow and vasculature tree in a
structure/organ through enhancement of blood echogenicity. Studv of MB distribution requires a specific
imaging technique in order to suppress linear tissue US signal visualizing only the nonlinear harmonic echo of
MB [59-61].

There are two mechanisms to obtain the nonlinear response of MB: through MB oscillations in low acoustic
pressure (minimizing disruption), and high energy nonlinear response from MB disruption with high acoustic
pressure [62].

First generation UCAs like Levovist require high Mechanical Index (MI) US leading to MB disruption and
limiting US frame-rate in order to permit refill of MB into vasculature.

Second generation UCAs like SonoVue are more stable permitting to acquire nonlinear signal at low MI. This
leads to minimal MB disruption and therefore a continuous study of structure/organ for several minutes,
dvnamicallv evaluating the enhancement in real-time.
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Qynarmically evaluarng me ennancement 1 real-ume.

Over the years, an incredible number of papers have studied the UCA application in liver and many other
organs.

Concerning intraoperative setting in neurosurgery, few studies have been published [10, 63—-67].

Kanno et al. obtained intraoperative tumors visualization in 40 cases through the use of a first generation UCA
and therefore he obtained only discontinue low frame-rate images [66].

Engelhardt et al. published 7 cases of glioblastoma in which a second generation UCA allowed to perform also
time-intensity curves thanks to continuous imaging [63].

Holscher et al. has described the phase inversion harmonic imaging technique using Optison in 13 patients (8
middle cerebral artery aneurysms, 5 arteriovenous malformation) [65]. The author concluded that CEUS
through phase inversion harmonic imaging enables intraoperative visualization and anatomical study of vascular
pathologies and that the flow dynamics of these lesions can be displayed in real-time allowing to evaluate the
success of a clipping procedure.

He et al. used a second generation UCA in 29 cases (22 gliomas and 7 meningiomas) concluding that
intraoperative CEUS is uscful in locating the lesion, in defining the border between the tumor and healthy brain
and in detecting residual tumor [64].

Our group recently published two studies concerning intraoperative CEUS safety and its application in tumor
evaluation and removal [40, 67]. We have observed that intraoperative CEUS with SonoVue is a valuable real-
time tool to obtain anatomical and functional information such as vascularization and tissue perfusion pattern
[40]. In case of gliomas surgery using CEUS it is possible to differentiate between low-grade and high-grade
tumors and in particular cases to find anaplastic areas within otherwise considered low-grade lesion [67].

Performing CEUS in meningioma surgery, we obtained useful information regarding their perfusion prior to
resection (Figures 6 and 7), identifying a typical pattern: meningioma shows an intense and rapid contrast
enhancement (due to avery fast arterial phase) with higher degree of contrast enhancement and faster peaks in
higher grades. Generally, contrast enhancement is centripetal having the major supply from the dural
attachment and surrounding vessels (Figures 6 and 7). The slow venous drainage is not always visible.
Tntratumoral major vessels are wvisihle only in higher grades meningiomas, which present some
hypoechogenic/necrotic areas. Tumor borders are distinctly visible in all cases [40] (Figure 7).

Figure 6: CEUS imaging. In the left box, CEUS scan of the lesion is displayed; in the right
box, fusion imaging between intraoperative CEUS and corresponding preoperative MRI
aid in US interpretation Because the main vascular supply of this lesion was from dural
attachment, once it was coagulated. no perfusion of the lesion was noticeable. The
principal vascular structures are clearly visible: plexus of Willis, basilar tip, cavernous
sinus, and the neighbor middle cerebral artery.

Figure 7: CEUS phases. In this picture, a low mechanical index (MI) B-mode scan is
depicted together with screenshot of the main phases of contrast enhancement dynamics.
In the arterial phase, the main feeders are clearly visible. In peak and parenchymal phase, it
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is possible to differentiate hyper- or hypovascularized areas within the tumor. In the
venous phase, multiple small draining vessels are recognizable.

The great benefit of intraoperative CEUS in meningioma surgery is the possibility to visualize the vessels
surrounding the tumor, not only on the surface of the surgical cavity, as achieved with white light microscopy
and FGS [10], but being CEUS a tomographic image, also in the depth (Figures 6 and 7). This permits to
accurately evaluate and identify arterial feeders and surrounding vessels, allowing to carefully plan the surgical
strategy. It is possible in fact to precisely target arterial feeders obtaining a complete tumor devascularization.
After having coagulated the dural attachment CEUS might be repeated to evaluate if the tumor is completely
devascularized or if there are other suppliers to be closed (Figure 7). Furthermore, CEUS allows the
identification of large surrounding vessels: coupling CEUS with virtual navigation permits to localize these
vessels in the three dimensional frame within the surgical field, allowing for a safer dissection of these vital
structures (Figure 6).

Elastosonography is a noninvasive representation of a specific mechanical characteristic of a tissue: the
elasticity, that is, the property of a tissue to deform under a given forces and then to restore to its original
shape after distortion. Elasticity is commonly defined by the amount of deformation (strain) resulting from a
given stress. Elasticity evaluation is obtained studying the deformation of a tissue in response to the
application of an external or internal force [68].

Today, many different elastosonographic techniqnes exist; they are elassified in accordance to which type of
force they use to obtain a deformation in the tissue [68]. The stimulation force could be either dynamic
(mechanical or US induced) or fluctuating so slowly that it is named “quasi-static” (mechanical induced). In
the last case the stimulation force can be either an active external displacement of tissue or a passive internal
displacement physiologically induced [68]. Whatever the stimulation technique is, all different elastographic
methods aim to show the shear elastic modulus of the examined tissue.

Actually the most used technique is the quasistatic strain elastosonography (SE), which aims to display strain
properties of a tissue in qualitative terms. SE is figured in real-time, coding information related to tissue
strain, since regions of different stiffness react differently to force stress (ultrasound probe compression and
release or due to physiological tissue motion linked to vascular pulsation) [68]. An object, subject to stress,
distorts proportionally to the intensity of the applied stress and depending on the material it is made of; it is
possible to evaluate the modification of the echo signal and thus to compute how the different tissues distort
(if they are soft) or move (if they are hard) compared to the probe position. The representation of tissue
elasticity is obtained associating different chromatic patterns to different tissue elasticity response.

There are only few reports in oncological neurosurgery about the elastographic implementation of ioUS [69—
73].

Scholz et al _in 2005, described the nse of an 118 hased real-time strain imaging method to study the elastic
properties of brain neoplasms [69]. In his series there are various tumors and one case of atypical meningioma.
He observed that some tumor exhibits the same stiffness of normal tissue, other lower or higher; the
meningioma case presented higher strain than brain parenchyma. The conclusions were that US based real-time
strain imaging is feasible, safe and offers information regarding the tumor.
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In 2009 Uff et al. presented for the first time elastosonographic acquisition obtained through arterial
pulsations during spinal cord surgery [73]. The results highlighted that strain data correlate with the surgeon’s
finding of stiffness of the tissues, and areas of higher stiffness at tumors boundaries were found to be related
to the cleavage planes.

Selbekk et al , in 2005, 2010, and 2012, investigated the utility and feasibility of a strain imaging method to
discriminate between tumor (low grade gliomas and metastasis) and normal brain [70-72]. He observed that
tumor areas are characterized with lower strain levels than those of healthy tissues and that tumor
interpretation could be different on the two modalities. Another conclusion was that strain imaging leads to
better discrimination between glial tumor and normal tissue if compared to standard B-mode. Under technical
aspects, he found that the brain motion due to arterial pulsation is sufficient to generate an elastogram.

In our multimodal ioUS study for meningioma removal, SE is considered in order to obtain a virtual palpation
of the tumor. SE is performed before opening the dura mater, relying only on physiological tissue movement
due to vascular pulsation, in order to avoid cortical damages. As partially stated by Uff [73], we found that SE
provides information about meningioma consistency and homogeneity of stiffness (Figure £). These notions
are extremely relevant in order to know what to expect during surgical removal and to probably better evaluate
and identify tumor/hrain interface

Figure 8: Elastosonography imaging. In the left box is visualized the elastosonogram
(strain elastography) of the lesion; in the right box, it is fused with corresponding
preoperative MRI. Elastosonography shows that the tumor has two different consistencies;
this finding was confirmed by surgeon feelings. Deeper into the lesion, temporal lobe has
higher stiffness if compared with normal findings; this is due to mechanical compression
from meningioma.

i0US is definitely a valuable tool in meningioma surgery as already stated for other brain neoplasm. It ensures
a rapid, repeatable, and cost effective real-time intraoperative imaging.

Standard B-mode US offers significantly useful morphologic information, which can be further implemented
with fusion imaging for better US imaging understanding and orientation. The integration with different
Doppler modalities as well as CEUS offers incomparable information regarding tumor vascularization and
perfusion, thus facilitating the surgical strategy. Elastosonography seems to be a promising tool especially to
evaluate tumor borders, eventual parenchymal infiltration, and tumor consistency.

However, US in neurosurgery is yet not a widespread technique: US is a quite complex investigation and is
highly operator dependent. Furthermore basic neurosurgical semeiotics needs surely to be implemented and
specific training on US physics and “knobology™ is required [36].

Our approach when using ioUS in meningioma surgery is not to use this tool alone to achieve complete
resection, rather to explore its various possibilities and to obtain as much information as possible to achieve a
safer and more complete resection.
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Of course ioUS cannot provide the surgeon with all needed information and it has to be integrated with other
imaging modalities, when available, and surgical tools to plan the best surgical strategy and to offer the best
procedure.

Further studies are warranted to fully investipate US role in neurosurgery, with a particular attention to recent
US techniques such as CEUS an elastosonography. However, the multimodal US imaging approach in
meningioma surgery seems to offer a vast array of information, yet to be fully understood, that seems able to
facilitate the surgical strategy.

5-ALA: 5-AminoLevulinic acid

B-mode: Brightness mode

CEUS: Contrast enhanced ultrasound

FGS:  Fluorescent Guided Surgery

iCT: Intraoperative computed tomography
iMRI: Intraoperative magnetic resonance imaging
ioUS:  Intraoperative ultrasound

MI: Mechanical index

MB: Microbubbles

NN: Neuronavigation system
SE: Strain elastography
UCA:  Ultrasound contrast agent
Us: Ultrasound.
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Chapter 1 Introduction

Introduction

1.1 Motivation

Today. most people are familiar with GPS (global positioning system) navigation
devices and their value for determining the device’s current location on earth. This
thesis focuses on the development of a surgical navigation system that is directly
conpled to medical imaging systems so that information on a target location from the
medical images can be used for more accurate diagnosis and treatment of disease. In
particular, this thesis focuses on enabling additional and improving upon specific
percutaneous procedures where a trocar needle or cannula is inserted into the body
towards a target under image guidance.

During the past two decades the increasing trend in surgery has been to focus
on less mrvastve methods [1 9]. Ower this ime, various techniques n minimally
invasive surgery (MIS) have successfully minimized the pain and morbidity
associated with open surgery while maintaining, in suitable circumstances, the
associated diagnostic or therapeutic goals of the procedures with quicker recovery
times. Therefore. when possible and appropriate, patients and physicians
overwhelmingly prefer MIS.

One of the mam challenges m MIS 1s 1o ditect an mlerventonal msbument Lo
the correct target without the benefit of direct visualization, while avoiding iatrogenic

injury to organs and tissues. By utilizing direct vision or miniature video cameras and
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a light source, physicians have been able to manipulate interventional instruments and
perform surgery while visualizing their progress following the instrument’s placement
into the body via one smaller incision used for direct access (MIDAST™) [2] or
kevhole surgery, several small incisions (laparoscopy), or natural orifices
(endoscopy).

The utilization of diagnostic imaging modalities (e.g_, X-ray, computed
tomography (CT), and magnetic resonance imaging (MRI)) is also a method in some

MIS procedures to view an interventional instrument inside the body and determine
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its location and direction in relation to an intended target. As with MIDAST,
laparoscopic, and endoscopic techniques, the effective use of intraoperative imaging
tor interventional guidance is highly dependent on the skill and experience of the
physician. A number of trial and error cycles may be required in which repeated
scans are taken, especially when the target is small or the optimal path to the target is
challenging.

Surgical navigation (sometimes referred to as image-guided surgery) is a
technology that gained wider acceptance over the past fifteen years in a number of
surgical specialties (e.g., neurosurgery. ENT surgery, spine surgery, orthopedic
surgery). This technology enables physicians to locate and track the path of
interventional instruments in relation to pre-acquired images (e.g.. X-ray. CT, or
MRI), which is analogous to the way a GPS locates a car using stored roadmaps.
Today, surgical navigation systems utilize either optical or electromagnetic (EM)

tracking technology in order to register the spatial location of a navigated instrument.
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In clinical practice, this process allows the instrument to be viewed virtually and
continuously on a computer monitor in relation to the pre-acquired diagnostic images
of the patient’s anatomy.

The foundation of a surgical navigation system is to assist the physician in
accurately aligning, driving, and placing an interventional instrument, thereby
potentially: 1) allowing the selection of the optimal personalized surgical plan by
enabling expanded and intelligent pre-planning capabilities, 2) increasing procedural
accuracy while reducing the risks of surgical errors. 3) reducing procedure time, 4)
when availahle in the operative setting, recucing the nimher of intermediate
intraoperative imaging scans, and 5) reducing patient and physician radiation
exposure from an intraoperative imaging source that may utilize ionizing radiation
such as a C-arm or CT scanner.

Current surgical navigation tracking methods are not without limitations.
Most are bulky, complex and thus time consuming, can often involve technology-
challenging compromises that hinder standard clinical worldlow, and constitute costly
setups that may discourage or simply not allow routine use in MIS applications. In
contrast, a new tracking technology that alleviates some of the traditional

compromises is the focus of this thesis.
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1.2 Thesis Contributions

This thesis focuses on the development of methods and systems for accurate
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instrument placement under image guidance. Understanding the limitations of the
current approach, a new tracking technology was developed. The new technology is a
miniaturized implementation of the optfical tracking technology without some of the
traditional compromises. Utilizing only two small components, this thesis introduces

a novel minioptical tracking technology platform. The new technology platform

allows greater flexibility, simplicity, and cost effectiveness while maintaining the
much-needed accuracy tor critical MIS procedures.

The minioptical tracking technology platform presents real progress and
potentially a significant paradigm shift in some of the traditional and non-traditional
surgical navigation applications due to its inherit attributes compared to current
methodology. Three surgical applications were identified that will provide enabling
or enhanced applications with this new technology platform. The first two
applications were in interventional radiology where the system was first tested for
laboratory accuracy, then the components were adapted for each application, and
finally, two clinical feasibility studies were developed that evaluated and
demonstrated safety, effectiveness, and accuracy.

The third application demonstrated the viability of applying the new
minioptical tracking technology platform in neurosurgery. Again, the system was
adapted, bench tested for accuracy and worldlow integration in a nonclinical setting
[ stereolachc mbractamal applications. This work demonsbiated the feasibility of
the new technology platform for several neurosurgical procedures including oncology
applications, hydrocephalus management, drainage of brain abscesses, and potentially

functional neurosurgery applications.

1.3 Thesis Organization

Having provided some background for the thesis, the remaining chapters focus on
understanding and improving minimally invasive image-guided procedures. Chapter
2 provides details of the clinical background of how image-guided procedures are

currently performed in the two selected surgical specialties, Interventional Radiology
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and Cranial Neurosurgerv. Each surgical specialty section ends with a summary of

the current challenges and opportunities. Chapter 3 is a historical review of surgical
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navigation and the current benefits and limitations. Chapter 4 clearly and concisely
states the aims of the thesis. Chapter 5 introduces this novel minioptical tracking
technology platform with its components and details the acenracy hench testing setup
and results. Chapter 6 details several important design modifications of the system in
order to conduct a clinical feasibility study in percutaneous thoracic procedures. The
chapter also provides the details and results of the study. Chapter 7 details additional
system design modifications required for the second clinical feasibility study. which

was performed for percutaneous abdominal procedures. Chapter 8 then details the

design modifications, accuracy testing, and worldlow evaliation of system for cranial
neurosurgical procedures. Chapter 9 provides the thesis conclusions, and Chapter 10

outlines opportunities for future work that builds on the results of this thesis.
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Chapter 2 Clinical Background

Clinical Background

Image-guided procedures are performed in a number of different specialties, but all
with the common goal of reaching a target within the body. The attention here is
focused on image-guided percutaneous procedures in two particular specialties that

have pioneered. embraced, and continue to expand the boundaries of medicine in
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order to diagnose and treat patients with MIS techniques.

2.1 Interventional Radiology

Interventional radiology (IR) is a medical sub-specialty of radiology that was
conceived in the early 1960°s by an American radiologist, Dr. Charles Dotter. While
professor and chairman of the Department of Radiology at the University of Oregon
Medical School. he defined the sub-specialty as a variety of percutaneous image-
guided alternatives or aids to surgery [10]. where MIS diagnostic, therapeutic, and
potentially curative oncology procedures are performed in nearly every organ (e.g..
lung, liver, kidney) and bone (e.g., spine) utilizing imaging modalities such as X-rays,
ultrasound, CT, and MRI.

Percutaneous procedures can be broken down into catheter-based and trocar
needle-based procedures. Catheter-based IR procedures are very common today
where a “flexible™ wire is inserted into the body tvpically through the vasculature.
Needle-based procedures are also very common in practice, and are based on more
“rigid” needles being inserted into the body. While both methods have different
applications, the end goal of being used for diagnosis or therapy is the same.

There are a great number of needle-based IR procedures performed daily
around the world in order to remove, angment, or destroy tissues inside the body.
Examples of these include: drainage of excess air or fluid buildup in the lungs or
retroperitoneal space; biopsies in the thorax, abdomen, or bone for diagnosis;
injection of a bone cement mixture into a fractured vertebrae to help stabilize the
fracture and relieve the chronic pain caused from the spinal compression fracture;

injections of an anesthetic (ie . needle blocks) into or a thermal ablation of nerves

Page 17 of 124
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(ie.. Radiofrequency denervation) that provide temporary relief of chronic pain for
upper and lower extremity pain due to a pinched nerve in the spine; and, ablation via
heating or cooling of cancer in the g, liver, or kidney.

In the example of a ling biopsy, the interventionalist utilizes a CT scanner to
assist in placement of the trocar needle into a suspicious ung nodule in order to make
an accurate diagnosis (Figure 2-1). Again, the effective use of needle image-guided
techniques is highlv dependent on skill and experience. However, for both the
experienced and mexperienced mterventionalist, it can be a tine consuming and an
iterative process in which repeated scans are taken in order to get the needle to the
intended target. Below the market of lung and liver CT-guided needle-based

procedures for diagnosis and treatment are examined.

Figure 2-1. Illustration of an Interventional Radiologist performing a CT-guided lung biopsy
where she is relving on creating a mental image of the CT information in order to insert the
biopsy needle into the suspicious ung nodule (courtesy of © 2007 Terese Winslow, U.S.
Govt. has certain rights).

2.1.1 Lung Biopsies
Lung cancer is the most common cancer worldwide with about 1.8 million new cases

each year [11]. In 2012, there were over 1.6 million new cancer patients diagnosed in

the US, of which about 215,000 were primary hing cancers [11]. This large number
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does not account for ing metastases where almost any cancer has the capacity to
spread to the lungs and initiate a lung metastasis. Common cancers that metastasize
to the hngs include bladder, breast, colon, kidnev, prostate, and among other cancers
[12]. In the US, it has been estimated that about 20 to 54% of primary cancers may
metastasize to the lungs [13].

There are two types of pnmary hing cancer, and the most common, non-small

cell ung cancer (NSCLC), makes up about 85% of all diagnosis. Early diagnosis and
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treatment of lung cancer is crucial for improving survival rates. The current literature
reports early diagnosis through CT screening of lung cancer resulted in an estimated
survival rate of 88% at 10 vears [14]. In contrary, lung cancer patients diagnosed at a
later stage have typical combined survival rates of 15% at 5 vears |15].

A lung biopsy is the standard of care in order to obtain an accurate diagnosis
of a suspicious pulmonary nodule or mass. From this diagnosis a plan may be
developed in order to best treat the condition. Lung biopsies can be performed either
through bronchoscopy or using a transthoracic needle approach. Bronchoscopy is the
insertion of an instrument with a small video camera through the natural airways.

This allows an interventional pulmonologist to see changes in the bronchi, which may
indicate a potential nodule in order to perform a biopsy. However, this current
approach fails to reach up to two thirds of peripheral lesions.

Transthoracic needle biopsy has become widely accepted as a safe and
accurate method for establishing diagnosis of pulmonary nodules. Its sensitivity for

diagnosis of cancer is reported to be 90%-97%, and thus a common method to
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confirm a diagnosis [16]. Accurate needle positioning in the nodule is the key factor
in the success of the procedure, and CT-guidance is the best imaging method for hing
biopsies. CT imaging has improved the ability to detect and perform transthoracic
needle biopsies of small pulmonary nodules that were not previously visible or
approachable with X-ray guided biopsies. Although CT scanners utilize an increased
dose of ionizing radiation in order to create remarkable ung images_ unfortunately.
visualization of the lung anatomy is inadequate for ultrasound imagining.

More than three million percutaneous CT-guided procedures are performed
each year at ahont 3 700 TIS medical centers [17] An estimated 5% of thesa
procedures are percutaneous hng biopsies [18]. Through a physician survey that was
recently conducted., it was estimated that about 30% of lung biopsies performed might
be considered complex [19]. This complexity arises from ling nodules that are small
(less than 15 mm), deep (more than 70 mm). close to the diaphragm (involve more
movement), and/or involve an off-axis approach (e.g., behind a rib) in order to reach

the tarpet This estimate of complex lung biopsies may grow significantly due to the

recent conclusions from the National Cancer Institute (INCT) sponsored lung-screening
trial that was launched in 2002 in the US. The findings on over 53,000 patients who
carolled in the double-blinded, randomized trial over 5 years showed as much as 20%

reduction in mortality when lung screening is done with CT [20]. While an official
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hing-screening mandate has not been put into place in the US as of vet. the U.S.
Preventive Services Task Force recently recommended screening people who are at
high risk for lung cancer with annual low-dose CT scans [21]. Prior to this

recommendation. a definite trend has develoned where institutions have dramaticallv
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SC Spine Center on cutting edge
By 5t. Claire Donaghy

Since installing intraoperative technology in June 2010, Self Regional Healthcare's South Carolina Spine Center performed more than 1,000 patient surgical
procedures using a leading-edge surgical navigation system -- BrainSUITE iCT by Brainl AB.

It is the first BrainSUITE iCT single operating room to reach this volume of usage in the eastern United States.

Self Regional Healthcare was the first health system in the Southeast and fourth medical facility in the United States to offer this technology developed by
Brainl AB in Munich, Germany. Brainl. AB develops, mamifactures and markets software-driven medical technology.

BrainSUITE iCT is used on many himbar fusion and brain surgery patients. It allows surgeons to view three-dimensional computerized tomography images
during surgery, to assure placement of hardware and/or tumor localization. Computerized tomography is a diagnostic procedure that combines X-rays and
computers to generate detailed anatomical images.

Amanda Brasier, Self Regional Healthcare communications coordinator, said the technology is helping the South Carclina Spine Center's programs become
well-known. The center also offers complimentary reviews by one of its neurosurgeons of MRI images done within the past six months or less, allowing
potential patients to get second opinions on their cases, if they have been evaluated by another provider.

Dr. Michael Kilburn is one of three fellowship-trained neurosurgeons at the South Carolina Spine Center.

"Intra-operative imaging, X-rays and such, has been around for a long time, but Brainl. AB iCT is the zenith of the progression for neuwrosurgery,” Kilburn said.
"It's used at Self almost every day. It adds a lot to patient safety and peace of mind for surgeons."
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Before surgical wounds are closed, the CT scanner rolls down the room and re-images the patient, according to Wayne Mounts, director of the South Carolina
Spine Center. Surgeons are able to verify placement of all screws and hardware.

Before this technology was developed and put into use, Mounts said it was not uncommon for patients to be scanned by CT the day following surgery and
ending up back in the operating room to correct or adjust placement.

Of surgeries done at the South Carolina Spine Center, Kilburn said about 35 percent are patients who had prior surgeries done somewhere else who are
coming to Self to have earlier procedures redone.

"Being able to see patients' anatomy with this technology from different angles and views makes a huge difference in being able to repair problems.” Kilburn
said. "Any surgery requiring precision within one to two millimeters requires intra-operative navigation and use of microscopes.”

For first surgeries, the technology allows for minimally invasive procedures, when applicable, which can result in shorter hospitalizations and less pain, Kilburn
said.

"You can also make tools in the operating room using the navigation system, to facilitate what you are going to do." Kilburn said "For example, we can see
where drill tips are in virtual space. It's a huge advantage surgically to see exactly where that drill is."

Kilburn said the navigation is used in surgeries involving brain tumors, spine tumors, shunts in the brain and certain spine surgeries. Kilburn said about 10
percent of neurosurgeries now performed at the South Carolina Spine Center involve the brain, with the remaining 90 percent involving the spine.

"We often have more than one surgeon on a case that presents with unusual anatomy or a challenge." Kilburn said.
With Greenwood not in proximity to a major interstate highway, Kilburn noted the center does not see many trauma-related surgical cases.

"We're a little bit constrained by our geography for some cases." Kilburn said. "(But) we've had patients from all over the Southeast, California, New York and
Canada"

BrainSUTTE iCT allows for pinpoint accuracy and fast CT scans of the body.

"This Brainsuite iCT makes the need for re-operation almost zero,” Mounts said. "T'm not aware of any other facilities in South Carolina who are currently using
this technology besides Self. The last time I checked. there were only six in operation in the United States "
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